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CONSTITUTION OF THE ASSOCIATION.* 


OBJECTS. 

The Association shall be called The American Association 
tor the Advancement op Science. 

The objects of the Association are, by periodical and migra- 
tory meetings, to promote intercourse between those who are 
cultivating science in different parts of the United States, to 
give a stronger and more general impulse and a more system- 
atic direction to scientific research in our country, and to pro- 
cure for the labors of scientific men increased facilities and a 
wider usefulness. 

MEMBERS. 

Rule 1 . Any person may become a member of the Asso- 
ciation upon recommendation in writing by two members, 
nomination by the Standing Committee, and election by a 
majority of the members present. 

OFFICERS. 

Rule 2. The officers of the Association shall be a Presi- 
dent, Vice-President, General Secretary, Permanent Secretary, 
and Treasurer. The President, Vice-President, General Secre- 
tary, and Treasurer shall be elected at each meeting for the 
following one; — the three first named officers not to be re- 
eligible for the next two meetings, and the Treasurer to be 
reeligible as long as the Association may desire. The Per- 
manent Secretary shall be elected at each second meeting, and 
also be reeligible as long as the Association may desire. 

* Adopted August 85, 1880, and ordered to go into effect at the opening of the 
Montreal Meeting. Amended at Burlington, August, 1807, and at Chioago, August, 
18 ft. 
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MEETINGS. 

Rule 3. The Association shall meet, at such intervals as it 
may determine, for one week, or longer,— the time and place 
of each meeting being determined by a vote of the Association 
at the previous meeting ; and the arrangements for it shall be 
intrusted to the officers and the Local Committee. 

8T AN DING COMMITTEE. 

Rule 4. There shall be a Standing Committee, to consist 
of the President, Vice-President, Secretaries, and Treasurer of 
the Association, the officers of the preceding year, the perma- 
nent Chairman of the Sectional Committees, after these shall 
have been organized, and six members present from the Asso- 
ciation at large, who shall have attended any of the previous 
meetings, to be elected upon open nomination by ballot on the 
first assembling of the Association. A majority of the whole 
number of votes cast, to elect. The General Secretary shall 
be Secretary of the Standing Committee. 

The duties of the Standing Committee shall be, — 

1. To assign papers to the respective sections. 

2. To arrange the scientific business of the general meet- 
ings, to suggest topics, and arrange the programmes for the 
evening meetings. . 

3. To suggest to the Association the place and time of the 
next meeting. 

4. To examine, and, if necessary, to exclude papers. 

5. To suggest to the Association subjects for scientific re- 
ports and researches. 

6. To appoint the Local Committee. 

7. To have the general direction of publications. 

8. To manage any other general business of the Association 
during the session, and during the interval between it and the 
next meeting. 

9. In conjunction with four from each Section, to be elected 
by the Sections for the purpose, to make nominations of 
officers of the Association for the following meeting. 

10. To nominate persons for admission to membership. 

11. Before adjourning, to decide which papers, discussions, 
or other proceedings shall be published. 
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8ECTION8. 

Rule 5. The Association shall be divided into two Sections, 
and as many sub-sections as may be necessary for the scientific 
business, the maimer of division to be determined by the 
Standing Committee of the Association. The two Sections 
may meet as one. 

SECTIONAL OFFICERS AND COMMITTEES. 

Rule 6 . On the first assembling of the Section, the mem- 
bers shrill elect upon open nomination a permanent Chairman 
and Secretary, also three other members, to constitute, with 
these officers, a Sectional Committee. 

The Section shall appoint, from day to day, a Chairman to 
preside over its meetings. 

Rule 7. It shall be the duty of the Sectional Committee of 
each Section to arrange and direct the proceedings in their 
Section ; to ascertain what communications are offered ; to 
assign the order in which these communications shall appear, 
and the amount of time which each shall occupy. 

The Sectional Committees may likewise recommend subjects 
for systematic investigation by members willing to undertake 
the researches, and to present their results at the next meeting. 

The Sectional Committee may likewise recommend reports 
on particular topics and departments of science, to be drawn 
op as occasion permits, by competent persons, and presented 
at subsequent meetings. 

REPORTS OF PROCEEDINGS. 

Rule 8 . Whenever practicable the proceedings shall be re- 
ported by professional reporters, or stenographers, whose 
reports are to be revised by the Secretaries before they appear 
in print. 

PAPERS AND COMMUNICATIONS. 

Rule 9. No paper shall be placed in the programme, unless 
admitted by the Sectional Committee ; nor shall any be read, 
unless an abstract of it has been previously presented to the 
Secretary of the Section, who shall furnish to the Chairman 
the titles of papers, of which abstracts have been received. 

A. A. A. S. VOL. XVIH. C 
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Rule 10. The author of any paper or communication shall 
be at liberty to retain his right of property therein, provided 
he declare such to be his wish before presenting it to the 
Association. 

Rule 11 . Copies of all communications, made either to the 
General Association or to the Sections, must be furnished by 
the authors ; otherwise only the titles, or abstracts, shall ap- 
pear in the published proceedings. 

Rule 12. All papers, either at the general or in the sec- 
tional meetings, shall be read, as far as practicable, in the 
order in which they are entered upon the books of the Associa- 
tion ; except that those which may be entered by a member of 
the Standing Committee of the Association shall be liable to 
postponement by the proper Sectional Committee. 

Rule 13. If any communication be not ready at the as- 
signed time, it shall be dropped to the bottom of the list, and 
shall not be entitled to take precedence of any subsequent 
communication. 

Rule 14. No exchanges shall be made between members 
without authority of the respective Sectional Committees. 

GENERAL AND EVENING MEBTING8. 

Rule 15. The Standing Committee shall appoint any gen- 
eral meeting which the objects and interests of the Association 
may call for, and the evenings shall, as a rule, be reserved for 
general meetings of the Association. 

These general meetings may, when convened for that pur- 
pose, give their attention to any topics of science which would 
otherwise come before the Sections. 

It shall be a part of the business of these general meetings 
to receive the Address of the President of the last meeting ; 
to hear such reports on scientific subjects as, from their general 
importance and interests, the Standing Committee shall select ; 
also, to receive from the Chairman of the Sections abstracts of 
the proceedings of their respective Sections ; and to listen to 
communications and lectures explanatory of new and import- 
ant discoveries and researches in science, and new inventions 
and processes in the arts. 
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ORDER OF PROCEEDINGS IN ORGANIZING A MEETING. 

Rule 16. The Association shall be called to order by the 
President of the preceding meeting*; and this officer having 
resigned the chair to the President elect, the General Secretary 
shall then report the number of papers relating to each depart- 
ment which have been registered, and the Association consider 
the most eligible distribution into Sections, when it shall pro- 
ceed to the election of the additional members of the Standing 
Committee in the manner before described ; the meeting shall 
then adjourn, and the Standing Committee, having divided the 
Association into sections as directed, shall allot to each its 
place of meeting for the Session. The Sections shall then 
organize by electing their officers and their representatives in 
the Nominating Committee, and shall proceed to business. 

PERMANENT SECRETARY. 

Rule 17. It shall be the duty of the Permanent Secretary 
to notify members who are in arrears, to provide the necessary 
stationery and suitable books for the list of members and titles 
of papers, minutes of the general and sectional meetings, and 
for other purposes indicated in the rules, and to execute such 
other duties as may be directed by the Standing Committee or 
by the Association. 

The Permanent Secretary shall make a report annually to the 
Standing Committee, at its first meeting, to be laid before the 
Association, of the business of which he has had charge since 
itA last meeting. 

All members are particularly desired to forward to the Per- 
manent Secretary, so as to be received before the day appointed 
for the Association to convene, complete titles of all the papers 
which they expect to present during its meeting, with an esti- 
mate of the time required for reading each, and such abstracts 
of their contents as may give a general idea of their nature. 

Whenever the Permanent Secretary notices any error of fact 
or unnecessary repetition, or any other important defect in the 
papers communicated for publication in the proceedings of the 
Association, he is authorized to commit the same to the author, 
or to the proper subcommittee of the Standing Committee for 
correction. 
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CONSTITUTION OF THE ASSOCIATION. 


LOCAL COMMITTEE. 

Rule 18. The Local Committee shall be appointed from 
among members residing at, or near, the place of meeting for 
the ensuing year ; and it shall be the duty of the Local Com- 
mittee, assisted by the officers, to make arrangements and the 
necessary announcements for the meeting. 

The Secretary of the Local Committee shall issue a circular 
in regard to the time and place of meetings, and other particu- 
lars, at least one month before each meeting. 

SUBSCRIPTIONS. 

Rule 19. The amount of the subscription, at each meeting, 
of each member of the Association, shall be two dollars, and 
one dollar in addition shall entitle him to a copy of the pro- 
ceedings of the- annual meeting. These subscriptions shall be 
received by the Permanent Secretary, who shall pay them over, 
after the meeting, to the Treasurer. 

The admission fee of new members shall be five dollars, in 
addition to the annual subscription : and no person shall be 
considered a member of the Association until this admission 
fee and the subscription for the meeting at which he is elected 
have been paid. 

Rule 20. The names of all persons two years in arrears for 
annual dues shall be erased from the list of members ; provided 
that two notices of indebtedness, at an interval of at least 
three months, shall have been previously given. 

ACCOUNTS. 

Rule 21. The accounts of the Association shall be audited, 
annually, by auditors appointed at each meeting. 

ALTERATIONS OF THE CONSTITUTION. 

Rule 22. No article of this Constitution shall be altered, or 
amended, or set aside, without the concurrence of three-fourths 
of the members present, and unless notice of the proposed 
change shall have been given at the preceding annual meeting.* 
* Sec page xxii. 
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RESOLUTIONS . 


OF A PERMANENT AND PROSPECTIVE CHARACTER, ADOPTED 
AUGUST 19 , 1857 . 


1. No appointment may be made in behalf of the Associa- 
tion, and no invitation given or accepted, except by vote of the 
Association or its Standing Committee. 

2. The General Secretary shall transmit to the Permanent 
Secretary for the files, within two weeks after the adjournment 
of every meeting, a record of the proceedings of the Associa- 
tion and the votes of the Standing Committee. He shall also, 
daily, during the meetings, provide the dhairman of the two 
Sectional Committees with lists of the papers assigned to their 
Sections by the Standing Committee. 

3. All. printing for the Association shall be superintended 
by the Permanent Secretary, who is authorized to employ a 
clerk for that especial purpose. 

4. The Permanent Secretary is authorized to put the pro- 
ceedings of the meeting to press one month after the adjourn- 
ment of the Association. Papers which have not been received 
at that time may be published only by title. No notice of 
articles not approved shall be taken in the published proceed- 
ings. 

5. The Permanent Chairman of the Sections are to be con- 
sidered their organs of communication with the Standing Com- 
mittee. 

6. It shall be the duty of the Secretaries of the two Sections 
to receive copies of the papers read in their Sections, all sub- 
sections included, and to furnish them to the Permanent 
Secretary at the close of the meeting. 

7. The Sectional Committees shall meet not later than 9 
a.m. daily, during the meetings of the Association, to arrange 
the programmes of their respective sections, including all sub- 

(xxi) 
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PERMANENT RESOLUTIONS. 


sections, for the following day. No paper shall be placed upon 
these programmes which shall not have been assigned to the 
Section by the Standing Committee. The programmes are to 
be furnished to the Permanent Secretary not later than 1 1 a.m. 

8. During the meetings of the Association, the Standing 
Committee shall meet daily, Sundays excepted, at 9 a.m., and 
the Sections be called to order at 10 a.m., unless otherwise 
ordered. The Standing Committee shall also meet on the 
evening preceding the first assembling of the Association at 
each annual meeting, to arrange for the business of the first 
day ; and on this occasion three shall form a quorum. 

9. Associate members may be admitted for one, two, or 
three years as they shall choose at the time of admission, — to 
be elected in the same way as permanent members, and to pay 
the same dues. They shall have all the social and scientific 
privileges of members, without taking part in the business. 

10. No member may take part in the organization and busi- 
ness arrangement of both the Sections. 


It has been proposed to amend Rale 5 of the Constitution, by inserting before 
the last section the following : “ When not otherwise ordered, the sub-sections shall 
be as follows : 

8ection A. — 1. Mathematics and Astronomy; 2. Physics and Chemistry; 8. 
Microscopy. 

Section B.— 1. Zoology and Botany; 2. Geology and Palaeontology; 3. Eth- 
nology and Archaeology.” 
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OF TIIE 

AMERICAN ASSOCIATION 

FOR THE 

ADVANCEMENT OF SCIENCE. 


A. 

Abbe, Cleveland, Cincinnati, Ohio (16). 

•Adams, C. B., Amherst, Massachusetts (1). 
Adelberg, Justus, New York, New York (16). 
Agassiz, Louis, Cambridge, Massachusetts (1). 
Aiken, W. E. A., Baltimore, Maryland (12). 
Albert, Augustus J., Baltimore, Maryland (12). 
Allen, Zachariah, Providence, Rhode Island (1). 
Alvord, Benjamin, Omaha, Nebraska (17). 
•Ames, M. P., Springfield, Massachusetts (1). 
Andrews,' Ebenezer, Chicago, Illinois (17). 
Andrews, Edmund, Chicago, Illinois (17). 
Andrews, E. B., Marietta, Ohio (7). 

Andrews, Joseph H., Chicago, Illinois (17). 
Angell, James B., Burlington, Vermont (16). 
•Appleton, Nathan, Boston, Massachusetts (1). 
Atwater, Elizabeth E., Chicago, Illinois (17). 
Atwater, Samuel T., Chicago, Illinois (17). 


B. 

Babcock, Henry H., Chicago, Illinois (17). 

•Bache, Alexander D., Washington, District of Columbia (1). 

Bacon, John, Jr., Boston, Massachusetts (1). 

•Bailey, J. W., West Point, New York (1). 

Baird, Lyman, Chicago, Illinois (17). 

Baird, S. F., Washington, District of Columbia (1). 

Note. — Names of deceased members are marked with an asterisk [*]. The 
figure at the end of each name rofers to the meeting at which the elections took 
place. 
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Bannister, Henry M., Evanston, Illinois (17). 

Bardwell, F. W., Jacksonville, Florida (13). § 

Barker, G. F., New Haven, Connecticut (13). 

Barnard, F. A. P., New York, New York (7). 

Barnard, J. G., Washington, District of Columbia (14). . 
Basnett, Thomas, Ottawa, Illinois (8). 

Batchelder, J. M., Cambridge, Massachusetts (8). 

Beaty, John F., Chicago, Illinois (17). 

♦Beck, C. F., Philadelphia, Pennsylvania (1). 

♦Beck, Lewis C., New Brunswick, New Jersey (1). 

♦Beck, T. Romeyn, Albany, New York (1). 

Beebe, G. D., Chicago, Illinois (17). 

♦Bell, Samuel N., Manchester, New Hampshire (7). 
Benedict, G. W., Burlington, Vermont (16). 

Bickmore, Albert S., New York, New York (17). 
Bigelow, George H., Burlington, Vermont (16). 

Bill, Charles, Chicago, Illinois (17). 

♦Binney, Amos, Boston, Massachusetts (1). 

♦Binney, John, Boston, Massachusetts (3). 

Blake, Eli W., Ithaca, New York (16). 

Blake, Ell W., New Haven, Connecticut (1). 

Blake, W. P., San Francisco, California (2). 

* Blanding, William, Rhode Island (1). 

Blaney, J. Van Zandt, Chicago, Illinois (12). 

Blatchford, Eliphalet W., Chicago, Illinois (17). 

Bolles, E. C., Brooklyn, New York (17). 

Bolton, H. C., New York, New York (17). 

* Bomford, George, Washington, District of Columbia (1). 
Bouv6, Thomas T., Boston, Massachusetts (1). 

Bowditch, Henry I., Boston, Massachusetts (2). 

Bowen, Chauncey W., Chicago, Illinois (17). 

Bradley, Francis, Chicago, Illinois (17). 

Bradley, L., Jersey City, New Jersey (15). 

Brevoort, J. Carson, Brooklyn, New York (1). 

Briggs, A. D., Springfield, Massachusetts (13). 

Briggs, S. A., Chicago, Illinois (17). 

Bross, William, Chicago, Illinois (7). 

Brown, Robert, Jr., Cincinnati, Ohio (11). 

Brush, George J., New Haven, Connecticut (11). 

Bryan, Thomas B., Chicago, Illinois (17). 

Buchanan, Robert, Cincinnati, Ohio (2). 

♦Burnap, G. W., Baltimore, Maryland (12). 

♦Burnett, Waldo I., Boston, Massachusetts (1). 

Burroughs, J. C., Chicago, Illinois (17). 

Bushee, James, Worcester, Massachusetts (9). 

Butler, Thomas B., Norwalk, Connecticut (10). 
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c. 

Calhoun, John B., Chicago, Illinois (17). 

Canby, William M., Wilmington, Delaware (17). 
•Carpenter, Thornton, Camden, South Carolina (7). 
•Carpenter, William M., New Orleans, Louisiana (1). 
Carter, Asher, Chicago, Illinois (17) 

Case, Leonard, Cleveland, Ohio (15). 

Case, L. B., Richmond, Indiana (17). 

•Case, William, Cleveland, Ohio (6). • 

Cassels, J. L., Cleveland, Ohio (7). 

Caswell, Alexis, Providence, Rhode Island (2). 

Cattell, William C., Easton, Pennsylvania (15). 
Chadbourn, P. A., Madison, Wisconsin (10). 

Chanute, O., Kansas City, Kansas (17). 

Chapman, F. M., Chicago, Illinois (17). 

•Chapman, N., Philadelphia, Pennsylvania (1).. 

Chase, George I., Providence, Rhode Island (1). 

•Chase, S., Dartmouth, New Hampshire (2). 

Chauvenet, William, St. Louis, Missouri (1). 

Chesbrough, E. S., Chicago, Illinois (2). 

Chittenden, L. E., New York, New York (14). 

•Clapp, Asahel, New Albany, Indiana (1). 

Clark, John E., Yellow Springs, Ohio (17). 

•Clark, Joseph, Cincinnati, Ohio (5). 

•Cleveland, A. B., Cambridge, Massachusetts (2). 

Cochran, D. H., Brooklyn, New York (15). 

Coffin, James H., Easton, Pennsylvania (1). 

Coffin, John H. C., Washington, District of Columbia (1). 
Colbert, E., Chicago, Illinois (17). 

•Cole, Thomas, Salem, Massachusetts (1). 

•Coleman, Henry, Boston, Massachusetts (1). 

Conant, Marshall, Northampton, Massachusetts (7). 
Conkling, Frederick A., New York, New York (11). 

Cope, Edward D., Philadelphia, Pennsylvania (17). 

Copes, Joseph S., New Orleans, Louisiana (11). 

Corning, Erastus, Albany, New York (6). 

Craig, B. F., Washington, District of Columbia (15). 
Cramp, J. M., Acadia College, Nova Scotia (11). 

Crosby, Alpheus, Salem, Massachusetts (10). 

Culver, Howard Z., Chicago, Illinois (17). 

Cummings, Joseph, Middletown, Connecticut (13). 

Cutting, Hiram A., Lunenburg, Vermont (17). 

D. 

Dtlrymple, E. A., Baltimore, Maryland (11). 
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Dana, James D., New Haven, Connecticut (1). 

Dimforth, Edward, Troy, New York (11). 

Davis, James, Boston, Massachusetts (1). 

Davis, N. S., Chicago, Illinois (17). 

Dawson, J. W., Montreal, Canada (10). 

♦Dean, Amos, Albany, New York (6). 

Dean, George W., Fall River, Massachusetts (15). 
♦Dearborn, George H. A. S., Roxbury, Massachusetts (1). 
♦Dekay, James E., New York, New York (1). 

Delano, B. L., Boston, Massachusetts (16). 

Delano, Joseph C., New Bedford, Massachusetts (5). 
♦Dewey, Chester, Rochester, New York (1). 

Dexter, G. M., Boston, Massachusetts (11). 

Dinwiddle, Robert, New York, New York (1). 

Dixwell, Eps S., Cambridge, Massachusetts (1). 

Doggett, Kate N., Chicago, Illinois (17). 

Doggett, William E., Chicago, Illinois (17). 

Dorr, E. P., Buffalo, New York (15). 

Downes, John, Washington, District of Columbia (10). 
Drowne, Charles, Troy, New York (6). 

♦Ducatel, J. T., Baltimore, Maryland (1). 

♦Dumont, A. H., Newport, Rhode Island (14). 

♦Duncan, Lucius C., New Orleans, Louisiana (10). 

Duncan, T. C., Chicago, Illinois (17). 

♦Dunn, R. P., Providence, Rhode Island (14). 

Dyer, Elisha, Providence, Rhode Island (9). 

E. 

Easton, Norman, Fall River, Massachusetts (14). 

Eaton, DanieJ C., New Haven, Connecticut (13). 

Eaton, James H., Amherst, Massachusetts (17). 

Edwards, J. B., Montreal, Canada (17). 

Eimbeck, William, St. Louis, Missouri (17). 

Eliot, Charles W., Boston, Massachusetts (14). 

^lliott, Ezekiel B., Washington, District # of Columbia (10). 
Elwyn, Alfred L., Philadelphia, Pennsylvania (1.) 

Emerson, George B., Boston, Massachusetts (1). 
Englemann, George, St. Louis, Missouri (1). 

Engstrom, A. B., Burlington, New Jersey (1). 

Eustis, Henry L., Cambridge, Massachusetts (2). 

♦Everett, Edward, Boston, Massachusetts (2). 

F. 

Fairbanks, Henry, Hanover, New Hampshire (14). 

Farmer, Moses G., Salem, Massachusetts (9). 

Farnham, Thomas, Buffalo, New York (15). 
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Farrar, Henry W., Chicago, Illinois (17). 

Ferrell, William, Nashville, Tennessee (11). 
Ferris, Isaac, New York, New York (6). 
Feuchtwanger, Louis, New York, New York (11). 
Fillmore, Millard, Buffalo, New York (7). 

Fisher, Davenport, Milwaukie, Wisconsin (17). 
Fisher, Mark, Trenton, New Jersey (10). 

•Fitch, Alexander, Hartford, Connecticut (1). 
Fitch, Edward H., Ashtabula, Ohio (11). 

Fitch, O. H., Ashtabula, Ohio (7). 

•Forbush, E. B., Buffhlo, New York (15). 

Foster, Henry, Clifton, New York (17). 

Foster, John, Schenectady, New York (17). 
Foster, J. W., Chicago, Illinois (1). 

•Fox, Charles, Grosse Isle, Michigan (7). 
Frothingham, Frederick, Buffalo, New York (11). 


G. 

•Gay, Martin, Boston, Massachusetts (1). 

Gibbon, J. H., Charlotte, North Carolina (3). 

Gibbs, Wolcott, Cambridge, Massachusetts (1). 

Gill, Theodore, Washington, District of Columbia (17.). 
•Gillespie, W. M., Schenectady, New York (10). 

Gilman, Daniel C., New Haven, Connecticut (10). 

♦Gilmor, Robert, Baltimore, Maryland (1). 

Glynn, James, Geneva, New York (1). 

Gold, Theodore S., West Cornwall, Connecticut (4). 
•Gould, Augustus A., Boston, Massachusetts (11). 

•Gould, B. A., Boston, Massachusetts (2). 

Gould, B. A., Cambridge, Massachusetts (2). 

•Graham, James D., Washington, District of Columbia (1). 

Gray, Asa, Cambridge, Massachusetts (1). 

•Gray, James H., Springfield, Massachusetts (6). 

Greeley, Samuel S., Chicago, Illinois (17). 

Green, Traill, Easton, Pennsylvania (1). 

•Greene, Beitfamln D., Boston, Massachusetts (1). 

Greene, Dascom, Troy, New York (17). 

Greene, Francis C., Easthampton, Massachusetts (11). 
•Griffith, Robert E., Philadelphia, Pennsylvania (1). 

Grimes, J. S., New York, New York (17). 

Grinnan, A. G., Orange Court House, Virginia (7). 

Grover, Z., Chicago, Illinois (17). 

Guyot, Arnold, Princeton, New Jersey (1). 

H. 

•Hackley, Charles W., New York, New York (4). 
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Hadley, George, Buffalo, New York (6). 

Hager, Hermann A., Cambridge, Massachusetts (17). 
Haldeman, S. S., Columbia, Pennsylvania (1). 

Hale, Edwin M., Chicago, Illinois (17). 

♦Hale, Enoch, Boston, Massachusetts (1). 

Hall, James, Albany, New York (1). 

Hall, N. K., Buffalo, New York (7). 

Hamlin, A. C., Bangor, Maine (10). 
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♦Harris, Thaddeus W., Cambridge, Massachusetts (1)! 

Harrison, B. F., Wallingford, Connecticut (11). 
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♦Hayward, James, Boston, Massachusetts (1). 
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Herzer, W., Columbus, Ohio (15). 

Hickcox, S. V. R., Chicago, Illinois (17). 

Hickok, W. C., Burlington, Vermont (16). 
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Hitt, Isaac R., Chicago, Illinois (17). 
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Holmes, E. L., Chicago, Illinois (17). 

Holmes, Henry A., Albany, New York (11). 
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ADDRESS 

OF 

BENJAMIN APTHORP GOULD, 

EX-PRE8IDENT OF THE ASSOCIATION. 


Mb. President and Gentlemen of the American Asso- 
ciation for the Advancement of Science. 

The usage, and even the fundamental law, of this Associa- 
tion entail upon its retiring President a duty which he may not 
evade : that of delivering at the meeting following his term of 
official service, a formal address. Although the fulfilment of 
this duty is but a very inadequate return for the honor which 
your partiality has conferred upon him, still it is not without 
its embarrassments, not the least of which is the apprehension 
of comparison with the utterances on previous occasions by 
great and honored philosophers who have presided over your 
meetings. Many of their words were spoken for the children’s 
children of those who listened. Reaching the very souls of 
those who heard at the moment, they became there endowed 
with new life and energy, each recipient becoming a center of 
emanation for what in them was true and important; while 
they survive upon the printed page for transmission in letter 
as well as spirit to unborn generations. 

Would that I could offer such precious thoughts or incentives 
for your acceptance. How can I presume to speak as a suc- 
cessor of Bache, Henry, Agassiz and the other great investiga- 
tors to whom in turn you have confided the guidance of the 
Association. Yet as their follower, in another sense, I may 
address you, for I believe that the few ideas which I propose 
laying before you would find with them approval and indorse- 
ment 
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With your permission I will speak of the position of the 
scientific investigator in the community ; of the duties incum- 
bent upon him, and of what he may rightfully expect in return, 
under the present relations of civilized and educated communi- 
ties; of the peculiar opportunities and restrictions in the 
United States today; of the obstacles which beset the path 
of the laborer in scientific fields ; and of the results which he 
may be justified in anticipating as the reward of patient, un- 
faltering, conscientious effort in his high vocation. 

We are accustomed to regard ourselves as belonging to a 
new country, and to palliate in our own hearts, even if not 
openly, our intellectual short-comings and our deficiencies in 
learning or culture, by this plea. And just as men who have 
attained eminence, notwithstanding an absence of early oppor- 
tunities, are often accustomed to glory in this want of advan- 
tages, as though it had been a merit rather than a misfortune, 
— judging themselves always by a relative, instead of an abso- 
lute, standard, — so we American lovers of science are too much 
inclined to take note of the difficulties against which we have 
struggled or are struggling, rather than of the actual level 
which we have attained by the effort. Of course there is much 
to extenuate in this proclivity ; how much, you all know. The 
want, until a recent date, of books of reference ; the want of 
access to such implements of research as are beyond the reach 
of most private men ; the want of time and energy to spare 
from the grand M struggle for existence ; ” and above all, the 
want of competent scientific counselers and guides for the be- 
ginner in scientific research ; all these are well known to 
those of you who have attained an age at all approaching the 
meridian of life. Before the omniscient Judge, they will surely 
be credited to each individual in the great account. But if we 
consider not the individuals but the people, and hold the com- 
munity responsible for its collective failures, while we give it 
credit for its collective achievements, in the intellectual field, 
I am sometimes apprehensive that we are given to pluming 
ourselves too much, and to estimating our progress rather by 
the number of obstacles which we know to have been sur- 
mounted, than by the mile-stones which have been left behind* 
Communities have merits and failings, as individuals have; 
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they are but the integral of their many constituent individuals ; 
and among our national failings can scarcely be counted that 
of judging ourselves too harshly. Our aim should not be to 
overcome difficulties, except so far as this is a necessary means 
of advance ; it is progress, toward which our efforts should 
be directed, and if the obstacles are serious, we have, as a peo- 
ple, no right to credit merely for having surmounted them, 
provided we possess, and do not employ, the power to remove 
them. Can the intellectual standing and rank of a nation be 
fairly measured by the highest achievements of its ablest and 
most devoted men, if so be that these men or their deeds are 
not the legitimate fruit of the tendencies and influences at 
work, but, on the contrary, are exceptional cases, which have 
maintained their existence and even blossomed out by virtue 
of the humanity that was in them, notwithstanding hindrances 
and discouragements ? 

Two hundred and forty years have passed since our ances- 
tors sought the wooded hills, the sheltered valleys, and broad 
meadow lands which skirt the coast of Massachusetts Bay, and 
amid which we are assembled here. Less than forty miles from 
this spot, landed the stern pilgrims of Plymouth, eight years 
earlier. Ten or twelve years earlier still had been founded the 
English settlement at Jamestown ; but it has been the estab- 
lished verdict of history that from the region where we now 
are, from within a circle not thirty miles in radius around 
yonder metropolis, may the spread of arts, letters and science 
be traced throughout this broad land. Within six years from 
tiie arrival of the first settlers of the Massachusetts Bay, they 
voted to establish a college, and appropriated therefore a sum 
“equal to a year’s rate of the whole colony,” In the ensuing 
year they changed the name of the town in which they placed 
it from Newton to Cambridge, u a grateful tribute to the trans- 
Atlantic literary parent of many of the first emigrants, and 
indicative of the high destiny to which they intended the 
institution they were establishing should aspire.” A single 
year later, John Harvard, a graduate of Emanuel College, 
Cambridge, bequeathed to the incipient university his library 
and one-half his fortune, amounting to nearly twice what the 
Colony had voted. “The example of Harvard,” says Presi- 
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dent Quincy, “was like an electric spark, falling upon mate- 
rials of a sympathetic nature, exciting immediate action and 
consentaneous energy. The magistrates caught the spirit and 
led the way by a subscription among themselves of two hun- 
dred pounds, in books for the library. The comparatively 
wealthy followed with gifts of twenty and thirty pounds. The 
needy multitude succeeded like the widow of old , 4 casting their 
mites into the treasury.* ” 

These facts I recall to your memories, to show the length of 
time during which our national culture has been receiving 
shape and character. For two centuries and a third, at least, 
the characteristic, mental and intellectual tendencies of this 
people have been forming themselves. Our fathers brought 
with them such culture as the best seminaries of their native 
land could give ; they represented the best intellect of the sev- 
eral classes of the mother country. The professional, the 
titled, the mechanic and the agricultural classes of New-Eng- 
land were severally of an intellect and culture much above the 
average of the same classes in old England, whence they came. 
The standards of scholarship, of science and of art, which 
they brought across the seas, were the same which they left be- 
hind. For the intellectual progress of the world since then, 
this community has owed its proportionate share, to be 
reckoned in the joint ratio of its population and of its initial 
advantages. 

True, our people has had the forest, the desert and the red* 
man to vanquish; it has had the social problems to solve, 
first of a protestant hierarchy, then of independence of all 
priestcraft, kingcraft and feudalism, and finally of equality be- 
fore the law, for all who wear the form of man and are created 
in the image of God. True, it has had its share of trials from 
foes without and traitors within, and has had the strong bonds 
of hereditary political and intellectual dependence to burst. 
True, it has already given to the world many a masterwork, in 
the arts of peace and the arts of war ; the steamboat, the cotton- 
gin and the sewing machine ; the practical application of the 
electric telegraph, and the means of its printed record; the 
most perfect forms yet attained for the steam-engine and the 
steam-boiler ; the most powerful ordnance and the most im- 
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pregnable vessels ; the telescopes of Clark and Fitz, the micro- 
scopes of Spencer and Tolies, and the means of annihilating 
pain. True, it has planted the starry flag upon the Antarctic 
continent and by the Polar sea, and has given to history many 
a name of the wise and good, whose blessed memory can never 
be hemmed in by oceans. Heaven forbid that any son of 
America should shut his eyes to these subjects of honest pride, 
or to a host of others like them, which I have no need to re- 
count ! If love of country be a virtue, assuredly it is not a 
difficult one for us to exercise. But what I would now say is, 
that, whatever may be the claims of our country to have done 
her part in the furtherance of civilization so far as depends 
upon the solution of high political problems and upon advance- 
ment in the arts, her contributions to science have not kept 
pace with these ; nor indeed with those of sever^J European 
nations, which have had to contend against obstacles quite 
comparable in magnitude with our own, even though of a to- 
tally different nature. France, tom asunder by frenzied con- 
vulsions and internal throes, such as no other civilized nation 
has ever been called on to endure, — Germany, trampled under 
foot again and again by foreign invaders, civil strife and do- 
mestic oppression, — Russia, lately emerged from Asiatic bar- 
barism and contending at once against the Turk, the Tartar 
and the western foe, — have they not had their share of hind- 
rances to scientific progress, great even if inferior to those of- 
fered by the forest and the savage ? Yet it would ill beseem us 
to invite a comparison with them in any department of science, 
physical or natural. Equate out the names of a very few men 
on each side, wherever this seem possible, and what an over- 
whelming preponderance would then throw the Western scale 
aloft. 

“Two hundred and forty years,” I hear some one say, 
“what are they in the development of a nation, or of its scien- 
tific character? Twenty-five centuries have passed since Thales 
predicted an eclipse of the sun ; nineteen, since Sosigenes re- 
formed the calendar for Julius Caesar ; fourteen hundred years 
have rolled over the University of Bologna. What to you occi- 
dentals seems a hoary antiquity, is a mere yesterday for the 
dweller by the Tiber, the Thames, the Seine, the Danube or the 
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Rhine.” Be it so ! Yet Hans Lippersheim's first suggestion 
of a telescope was eighteen months after Newport had sailed 
up the James river with his infant colony. The idea of a loga- 
rithm was then not born : Napier and Briggs were names un- 
known to fame. The oaks and beeches had been cleared from 
these hills, and our ancestors had built their rustic homes, at 
the time when Galileo was tortured into abjuring the profane 
doctrine that the earth moved, and not the sun. When Har- 
vard endowed the college that bears his name, there was no 
such thing as a barometer or a thermometer. It is within these 
very two hundred and forty years that modem science has come 
into existence, and the world's intellect been turned from spec- 
ulation to investigation. It is within this period that our im- 
plements of research have been devised, that the air-pump, 
the electricjl machine and the clock have been invented, that 
every public chemical laboratory, every astronomical or physical 
observatory, and every academy of sciences has been founded, 
Boston had been settled when Keppler died. The grandchild- 
ren of the original colonists of Plymouth and the Massachu- 
setts Bay were born, when the law of universal gravitation 
was first proclaimed by Newton. 

Therefore it is that we must confess our scientific progress 
to have been far inferior to that of several European nations. 
And I fear that the confession might truthfully be made much 
broader, and include our progress in all purely intellectual 
studies, which hold forth no promise of immediate utility in 
promoting physical well-being or material convenience. If this 
is true, my friends, it is time that it should be so no longer. 
And before you, the declared lovers of science, — in this Asso- 
ciation formed to promote her welfare and advancement, — here 
in the earliest seat of that colony, whence has geographically 
radiated what of culture and of science our country has pos- 
sessed, — I would fain say some few words which, however 
crude or ill-arranged, might find a congenial soil within your 
hearts — to bear fruit, perhaps, when all of us have disappeared 
from the stage — and which might aid, in however small a 
degree, to avert the day when the highest recognized aims 
shall be toward material prosperity, rather than toward intel- 
lectual development and progress. 
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There must be in every community men specially endowed 
with scientific tastes and impulses. In most cases such innate 
tendencies accompany especial gifts in the same direction, and 
although in the infinitely varied scheme of nature, this is not 
always the case, yet the exceptions are few, and the incentives 
to exertion, which such tastes supply, do much toward atoning 
for the lack of original power. Wherever positions of honor 
or emolument are available for the man of science, these be- 
come objects of ambition or of greed to another class of men 
who aspire to them as ends to be attained and not as means of 
scientific progress. It is to such that Schiller referred when 
he said of science, 

M Einem 1st sie die hohe, die hixnmlisehe Gttttin ; dem andem 
Kine tttchtlge Kah, die ihn mit Batter versorgt.” • 

Between these two classes it is impossible to draw a sharply 
defined line. They shade into one another by such impercep- 
tible gradations, that many a man might be unable, in his 
strictest communings with himself, to decide as to which he 
himself belonged. Then there is an intermediate class, whom 
circumstance guides into the scientific path and who are en- 
dowed with a versatility which enables them effectively to fol- 
low out any career to which they earnestly devote themselves. 

Now the social problem here evidently is, so to order the in- 
fluences and attune the public sentiment in the community as 
to allow the ablest minds to labor in those fields for which they 
are best adapted, and to guide the most versatile, so far as » 
possible, into such channels that their energies may promote 
the highest welfare of society. 

The magnitude of the class of scientific men in any commu- 
nity is clearly dependent, to a very great extent, upon the 
intellectual condition of that community. Probably no civil- 
ized society, totally devoid of a scientific element, ever did or 
ever will exist. In ancient Rome its amount appears to have 
been a minimum, yet in ancient Greece it was far otherwise ; 
whence we may infer that the fine arts and belles-lettres are in 
themselves neither conducive nor antagonistic to science, in 
any marked degree. At all times and places there have been 

*“ She is the high, the heavenly Goddess to one; to another 
But a convenient cow, that gives him his batter and cheese.” 
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some in whom the divine fire burned ; and so it doubtless ever 
will be. Such could no more be turned from their high instinct 
to discover causes and laws, than the mountain torrent from its 
course toward the sea. Yet how few are these, although they 
have never failed to pass the torch from age to age ! Even in 
the days of Roman dominion, Africa nursed the embers of 
the sacred flame; and swarthy Arabs and Moors, with here 
and there a silent monk, guarded it through the dark ages ; 
ages replete with classic lore, with wondrous art, with barbaric 
luxury, yet devoid of science, except in the secret guardian- 
ship of those who dared not betray their priceless yet myste- 
rious possession. 

To such pien the civilization of today permits freedom of 
inquiry and of utterance, at least, and awards a certain modi- 
cum of public recognition and respect, limited, it is true, not by 
the good will of the community, but by its means of apprecia- 
ting the character and scope of their labors. These are the 
men, nevertheless, to whom indirectly the world owes its mate- 
rial progress, although the intermediate steps, between their 
researches and the ingenious inventions by which their results 
are practically utilized, are rarely traced, even by those who 
reap the harvest. Yet it is not for the sake of material pro- 
gress that they have toiled ; this is simply the world’s recom- 
pense for having harbored them. Sic vos non vobis meUificaiis , 
aves . These are the men who toil on in their lofty studies, seek- 
ing the truth for its own sake, drawn as by some resistless 
magnetism, and working even better than they know. Poverty 
cannot suppress the instinct ; ridicule cannot prevent its exer- 
cise ; persecution cannot deter from the utterance of its results. 

This scanty class constitutes the minimum number of the 
followers of science for any community. The additional num- 
ber is greater or less according to the amount of personal 
sacrifice requisite for following the inborn impulse — since the 
intensity of this impulse varies in every degree, — or according 
to the temptations offered for joining the ranks of those who 
adopt science as a business. It is easy to see that there is 
danger to the intellectual progress of the community at each 
extreme. Where the votary of science must sacrifice all to 
follow her, her welfare is scarcely more imperiled than where 
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the guardianship of her interests, and the means of extending 
her domain, are confided to the hands of those who would make 
of her a servant, and not a sovereign. 

By an unhappy, though perhaps natural, mischance, the Eng- 
lish language has had no name for the scientific investigator, 
nor word to denote his calling. There is no nobler word 
than philosopher, — lover of knowledge ; yet, in the score of 
centuries since this grand old word has been in use, its mean- 
ing, if not perverted, has at least been narrowed and distorted. 
The French expression, savant , has sometimes been pressed 
into service by those who have felt the want of some appro- 
priate term ; but, without undertaking to criticise the aptness 
of this word, it is most certain that the time has come when 
our own language demands some name for the class of men 
who give their lives to scientific study. Therefore it was, that 
twenty years ago I ventured to propose one, which has been 
slowly finding its way to general adoption ; and the word scien- 
tist , though scarcely euphonious, has gradually assumed its 
place in our vocabulary. Philologically, it is subject to criti- 
cism, as being from a Latin root with a Greek termination ; 
but it may share this censure with many another word which 
has become an integral part of the language, and for a needM 
and helpful idea surely a poor word is better than no word at 
all. I will, therefore, not hesitate to employ it, and will briefly 
consider the characteristics of the scientist, and his position in 
the community. 

It would be inappropriate here to undertake any philosophic 
discussion of the position which the scientist should occupy in 
an ideal or a well-ordered society, or of the duties imposed on 
him by his assumption of the priesthood, as an interpreter and 
expounder of the Divine word written upon the tablets of the 
material universe. Such course of inquiry would imply, as its 
basis, a determination of the reciprocal duties of all members 
of society, whatever their calling; and this involves, in its 
turn, the deepest questions of political economy and social 
philosophy. We must take certain principles for granted, and 
among them, this : — that civilized society is an organic body, 
of which each member is, in spite of himself, dependent upon 
the rest, and exerts a corresponding influence in return. The 
A. A. A. 8. VOL. XVIII. 2 
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many-sided culture of a normal community is the resultant of 
the varied capacities, culture and efforts of numerous indi- 
viduals, no one of whom could attain the highest grade of 
usefulness in several diverse departments. It depends upon 
the relative number and variety of the ablest and most cul- 
tivated members, conjointly with the influence they exert. 
Human science and art have, in the progress of our race, 
advanced far beyond the comprehension of any individual. 
An equal culture in many directions is synonymous with su- 
perficiality in all, and an “admirable Crichton” is today 
simply a ridiculous object. We cannot well escape the conclu- 
sion that — so far as is compatible with that general education 
of physical and mental faculties and those general attain- 
ments which the welfare of others, as well as the amenities of 
society, require, and which are needful alike for the mental and 
moral health of the individual — the energies of each one should 
be consecrated to the development and employment of partic- 
ular capacities. No thoughtful man can arrive at years of 
discretion without becoming aware of the character and direc- 
tion of his mental powers, even though he may be incompetent 
properly to estimate their relative magnitude ; and there can 
be no reasonable doubt that taste and predilection would 
afford safe guides for the individual in entering upon his 
career, were the organism of society fairly developed without 
distortion by untoward agencies. 

Therefore, if the investigation of scientific questions and the 
discovery of scientific laws is needfhl or desirable for our race, 
it becomes the duty of every civilized community to encourage 
and protect the vocation of the scientist, and it is the duty of 
those who feel themselves called to this vocation to devote 
themselves to it with heart and hand. Their commission is 
from on high. “ Freely ye have received, freely give. Pro- 
vide neither gold nor silver nor brass in your purses, nor scrip 
for your journey, neither two coats ; for the workman is wor- 
thy of his meat.” If the Creator designs that the race formed 
in his own image shall discern and comprehend the laws 
through which he has exerted his creative power ; if he means 
that his wondrous works shall be read by man, upon whom he 
has bestowed the means and the impulse to read them ; if he 
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chooses that oar higher capacities shall be cultivated in this 
world as well as our lower ones ; then does he also intend that 
a class of men shall exist and be maintained, laboring in 
behalf of all, and devoting their highest ^energies to intellect- 
ual conquests for the race through the study of his works and 
the interpretation of his laws. Is there any argument, of all 
those with which the world has been familiar for more than 
three thousand years in behalf of the sacred ministry of reli- 
gion, which is not applicable to the ministry of science ? If 
the highest act of the human spirit be to attain to an intimate 
relation and communion with the Father of spirits, who shall 
dare discredit that other exalted duty of searching out God 
through his works, and learning him as he has seen fit to 
manifest himself to us directly. Unreasonable as it would be 
to maintain that the word of God, when filtered through many 
a human tradition and recollection, and translated from lan- 
guage to language after being recorded upon the manuscript, 
is more surely and emphatically his unperverted word than is 
that fresh from his own fingers, “written all over the earth, 
written all over the sky ; ” how much more so would it be to 
maintain, that the former, but not the latter, needs a body of 
investigators. Far be it from me to imply, however indirectly, 
that the reverse is true — that the culture of the intellect 
should take precedence of that of the religious faculties — that 
the most elevated regions of converse with the Deity as known 
through his noblest works, or his profoundest * physical laws, 
could supersede the necessity of communing through the affec- 
tions and emotions, or the need of relief to the famishing cry 
of the soul for bread from its Father in Heaven. It might, 
perhaps, be urged that for the former a priesthood is, and for 
the latter it is not, indispensable ; that for the former the 
progress of interpretation goes on continuously, while for the 
latter little remains to be done, other than the exposition and 
enforcement of what has already been attained ; that the 
former must lead, while the latter is not unlikely to follow, the 
development of society. But there is no ground for compari- 
son disadvantageous to either class. My argument is that 
they should stand alike. Both classes are needed to satisfy a 
deep and insatiable demand ; both are imbued with the instinct 
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to provide a supply. Nor are the abnegations and self-sacri- 
fices by which the one has earned the martyr’s crown in past 
days and lasting reverence in the present, without parallel 
and counterpart in the other. 

With what a spirit of grateful recognition of the Almighty’s 
revelation to the scientist in these latter days, may we read the 
answer to Job out of the whirlwind ! 

“ Gird up thy loins now like a man, for I will demand of thee, and 
answer thou me. Where wast thou when I laid the foundations of 
the earth? Declare, if thou hast understanding. Who hath laid the 
measures thereof, if thou knowest ; or who hath stretched the line 
upon it? Whereupon are the foundations thereof fastened, or who 
laid the corner-stone thereof, when the morning stars sang together, 

and all the sons of God shouted for joy ? Hast thou entered into 

the springs of the sea, or hast thou walked in search of the depths ? 
Hast thou perceived the breadth of the earth ? declare, if thou know- 
est it all. Where is the way where light dwelleth, and as for dark- 
ness, where 1s the place thereof ? Hast thou entered into the 

treasures of the snow, or hast thou seen the treasures of the hail? 
Knowest thou the ordinances of heaven? Canst thou set the domin- 
ion thereof in the earth ? Canst thou lift up thy voice unto the clouds 
that abundance of waters may cover thee? Canst thou send the light- 
nings, that they may go, and say unto thee, Here we are ? ” 

Job answered and said : — 

“ Behold, I am vile, what shall I answer thee ? I will lay mine hand 
upon my mouth. Once have I spoken, but I will not answer ; yea, 
twice, but I will proceed no farther.” 

But we might reply : — ‘ Lord, thou hast revealed unto us 
all these things. Us also hast thou taken into the counsels of 
thy creation, for thou hast not deemed thy children unworthy 
of thy knowledge. The foundations and breadth of the earth 
and the ordinances of the heavens, the depths of the sea 
and the way of the light, the treasures of the snow and the 
sources of the hail, the sending of lightnings to say 4 Here we 
are,’ and the lifting of our summons to the clouds that we may 
have rain ; — behold thou hast disclosed them all unto us, thy 
children ! ’ 

The claim of the scientific profession to recognition and sup- 
port has long been acknowledged by most European nations. 
Throughout the European continent organizations have been 
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established, and are maintained by the government at very 
considerable expense, for the one purpose of promoting scien- 
tific research; and the individuals composing these organiza- 
tions are provided with the means of support while laboring 
to this end. In our own utilitarian country few claims are 
recognized excepting such as afford a direct personal benefit, 
which the individual recipients can estimate by some pecuniary 
standard. Thus the successful investigator in any special de- 
partment of medical science may reap a rich reward, — so rich 
indeed as to hold out strong temptations for the surrender of 
so large a share of his time and energies to the practice of 
his art, as to leave small opportunity for the farther prose- 
cution of his science. Indeed, when we examine the matter 
carefully, we shall find that it is only art (i. e. the application 
of principles and laws), for which any practical recognition can 
be expected in America at present ; while science (i. e. the 
discoveiy and investigation of these laws), even where nomi- 
nally fostered, receives support only through some of its indi- 
rect branches, which more properly belong within the domain 
of art. In this way medical science in this country is sup- 
ported only through individual need of the healing art ; physi- 
cal research, only through its most direct application to 
technology ; mathematical investigation, only in so far as it 
stands in palpable relation to engineering, surveying, or some 
other practical use ; chemistry, as being an important hand- 
maid to manufacture and to metallurgy; astronomy, almost 
solely as an assistance to navigation. To one considering 
these unquestionable facts, the parallel case at Niagara pre- 
sents itself unbidden : — 

“ The tailor made a single note : 

‘ Gods I what a place to sponge a coat I ’ ” 

In recounting these facts, it is without apprehension that they 
will be scouted, by any educated and thoughtful man not 
Tersed in scientific matters, as though they presented the one- 
sided view entertained by a narrow class of persons, who, from 
habitual occupation with abstract or general inquiries, have 
become blinded to the great material interests of society. No 
doubt the advance of civilization is measurable by the progress 
of the arts ; and especially is our nation charged, as no nation 
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ever was before, with the duty of subjugating nature, and dif- 
fusing the arts of civilized life over a continent. No doubt 
the first instinct of humanity is to provide for its material well 
being ; and the craving for comfort and luxury is a stimulus at 
whose bidding the whole world is to be made one family, through 
the beneficent agencies of commerce. But I do claim, first, 
that we have reached a stage at which it behooves us to ac- 
knowledge a higher aim, as much beyond the commercial and 
technological as the intellect is beyond the body : that the aim 
is dictated to us by the Creator through intellectual incentives 
and opportunities, and that its pursuit is unfailingly rewarded 
by material recompenses. And, secondly, even if we disregard 
these considerations altogether, and take into account merely 
that material progress to which America is devoting all her 
energies, that it is a narrow and baneful policy which forgets 
that immediate, direct and palpable influences are not the only 
ones. Rarely are they even the chief ones. 

It would be throwing words away were I to undertake to 
prove, what you all know already, that scarcely one of all the 
great advances in the material welfare of humanity would have 
been made but for the scientist in his closet, whose experi- 
ments, researches and generalizations, incited by the love of 
nature and the aspiration to fathom her laws, have afforded 
the knowledge which the inventor’s fertility of device has made 
subservient to human welfare. There is no need of balancing 
the respective merits of the discoverer and the inventor. All 
will agree that but for the former the latter would be of little 
use. To be sure it would be false reasoning to maintain that, 
because valuable inventions are usually due to scientific dis- 
coveries, they must be deemed a necessary consequence there- 
of. Yet experience points to some such conviction; and it 
would be difficult to point out an important scientific discovery, 
no matter how abstruse if twenty years old, which has not 
already conferred some material benefit upon humanity, and 
which was not itself dependent upon each one of several inde- 
pendent and seemingly isolated previous researches. 

It is not then alike the wisest policy and the evident duty of 
a people already much advanced in material well-being, and 
ambitious of progress, that it should recognize the debt it owes 
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to science, by courting such opportunities for the future as sci- 
ence may afford ? Is it not among its most palpable duties to 
develop and encourage scientific tastes and investigations, 
appreciating the material sacrifices which these entail, even 
under the most favorable circumstances ? Is it not discredit- 
able to the civilization of a great people, when scientific ability 
is habitually stiffed or lost, by want of opportunity for its de- 
velopment? Yet a tale might be told, year after year, of earn- 
est and gifted young men compelled by want of bread to 
abandon the scientific path upon which they had entered with 
fervor. And if told, I believe it would astonish those whom 
circumstances have not inured to the facts, as it would mor- 
tify and sadden the patriot and the philanthropist. It is to be 
expected that the pursuit of wealth, or place or power, should 
have its own reward ; the sincere follower of science neither 
seeks nor expects any of these things. But, unless the idea 
that a community can have duties and responsibilities, as well 
as an individual, be preposterous, the competent and willing 
votary of science is entitled to the means of investigating 
while he lives, and of living while he investigates. In all this 
broad land I know of not half a dozen positions, the duties of 
which may be discharged and a subsistence earned by prose- 
cuting scientific research. What is done is in the intervals of 
leisure from other labors, which exhaust the energies, but upon 
which the investigators are dependent for support. The col- 
legiate professor, whose nervous vigor is expended in the task 
of instilling trite rudiments into the minds of enforced pupils, 
fopns no exception to this statement. And where are the op- 
portunities for those higher teachers who would fain use the 
blessed privilege of training others for the scientific vocation, 
and be rewarded by the consciousness that their conceptions, 
methods, plans and perhaps conjectures, are not to die with 
them. 

It would be far from reasonable to expect that the labors of 
any considerable proportion of investigators should be sev- 
erally crowned by large generalizations, or by such discoveries 
as are subjects of popular appreciation. These are compara- 
tively rare, and have always required the antecedent researches 
of a series of investigators to whom history is wont to award 
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inadequate acknowledgements. Stones must be quarried and 
hewn before the edifice can be reared ; facts must be gathered 
before their laws can be discovered ; the several laws must be 
recognized before their generalization can be effected. The 
function of the scientist is to attain new truths by conquering 
them from the limitless realm of the unknown, and whether 
they be brilliant or otherwise, none is too small or insignifi- 
cant in aspect to deserve his earnest search or joyful welcome. 
Among the marked characteristics of modern science are its 
recognition of the value of every observation and experiment, — 
since there is no one which may not afford a basis or a clew 
for subsequent advance, — and its appreciation of the services 
rendered by those who lay the stepping-stones requisite for con- 
tinued ascent. And in proportion to the scientific develop- 
ment of a community is its relative estimate of the men who 
do not disdain those minor researches which are yearly becom- 
ing more indispensable, yet are unrewarded by popular 
applause. The science of the nineteenth century is to be 
sought not in ponderous tomes, but in abundant memoirs. 
Scientific progress in these days is like that of a besieging 
army. Little by little miners work beneath the surface ; slowly 
the intrenchments grow to right and left, approaching always, 
however indirectly ; gradually the long circumvallations close 
around the citadel. Here, ground is gained for a new base of 
operations ; there, is opportunity for striking in a new direc- 
tion. Through avenues thus laboriously prepared the embattled 
host advances. At last a point is secured whence the artillery 
may begin its work. Under cover of this, new approaches ^re 
effected, until at last, in the fullness of time, the final charge is 
made. One brilliant dash, and the stronghold falls. But 
should the engineers' devices, the miners' toil, the soldiers' 
labor at the earthworks and the artillerists' service at the guns, 
all be held cheap, because of our admiration of the gallantry 
and chivalry that led the decisive onset ? So thoroughly has 
the scientific world been impressed in recent years with the im- 
portance of judging researches not by their brilliancy, but by 
their promise of ultimate usefulness, that the straining after 
showy results is deemed unworthy and derogatory, while a new 
and well established fact is welcomed with a more earnest 
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cordiality than the most fascinating hypothesis, or the most 
plausible conjecture, prior to its verification. 

All science is, and must be, to a certain extent, experimen- 
tal. Even in those branches which from their very nature 
preclude arbitrary experiment, comparisons of phenomenon 
with prediction, of observation with computation, supply its 
place. Methods of discovery, in astronomy and in chemistry 
or terrestrial physics, differ but little. Keppler’s mind was 
scarcely of a different order, or his processes of a different 
class, from Faraday’s. And, essential as the inductive method 
may be for a control and criterion of the results attained, few 
discoveries were ever made by pure induction. Given the re- 
sult in advance, experiments may be contrived for guiding to 
it ; let us once know that the truth lies in one, and one only, 
of two divergent directions, and we may think out crucial in- 
stances. But such are not usually the circumstances under 
which discoveries are made; and learning and skill are in 
general no more necessary for disposing of hypotheses, than is 
ingenuity of invention for framing them. 

The facts and relations to which I have called your atten- 
tion indicate the frmctions of the scientist in the present con- 
dition of our civilization. The duty of investigating the 
principles and laws of the material universe once conceded, 
this office devolves, in the grand division of labor, upon a 
special class. And that stage of progress is already attained, 
in which subdivision in a high degree, among this class, is 
imperative. Large acquaintance with kindred branches of 
science, and special concentration of effort upon a narrow 
field, are alike requisite for the investigator. Moreover he 
must be content with small and modest additions to human 
knowledge ; humbly and hopefully gathering what he may, and 
bringing faithfully his sand-grains to the heap, if he find no 
stone for the temple. He may no longer look for brilliant dis- 
coveries as the sure reward of earnest research, though he 
should possess the genius of Pythagoras, Archimedes, or Co- 
pernicus ; nor have others the right to expect it of him. And 
if perchance any such discovery or generalization fall to his 
share, simple justice demands that he concede to others much 
of the merit. The activity and energy of scientific inquiry at 
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the present moment are intense beyond all precedent in his- 
tory. The accretions and developments of a couple of years 
change the aspect and relations of each successive discovery 
almost past recognition. An important fact, noted but unpub- 
lished by one man, speedily manifests itself to others ; so that 
suppressed discoveries are in fact abandoned ones, and the 
most important are very frequently made in duplicate. This 
is simply because the limit of our human knowledge spreads 
like a great circular wave, emanating from a center. The ad- 
vancing lines have access only to what lies upon the margin 
before them, and the throng who press forward tread in con- 
tiguous paths, the divergence of whose radiation is overbal- 
anced by the continually increasing number .in the ranks. 
And it is characteristic of the present time that it is a period 
requiring co-operation and associated effort in scientific re- 
search, not merely for the sake of needful distribution of 
labor, but because combinations of resources and acquirements 
are requisite, to which no individual can attain. 

It would be a grateful office to congratulate you upon the 
part our own people is taking in this great campaign for intel- 
lectual conquest. Thank God we may claim some part in it, 
and names too, among the living as well as the dead, which 
will surely gain lustre in scientific annals with the lapse of 
time. Yet how small is our relative share ! Why have we 
not, in our forty millions of men, as many active investigators, 
as many scientific institutions, as much national support, as 
much popular sympathy, as may be found in Germany, France, 
or England ? Why are the efforts of the scientist appreciated 
and encouraged solely in proportion to the estimate of them 
by popular and altogether incompetent tribunals ? That it is 
so, needs no demonstration. Popular sympathy or encourage- 
ment rarely rewards the scientific investigator while living; 
and when it does, it is seldom because of his highest achieve- 
ments. And those rewards, which the community honestly 
desires to bestow upon this class of intellectual labor, are but 
too apt to fall to the mere bookwright, if not to the charlatan. 
Meanwhile great public interests suffer for want of such guid- 
ance as very many easily might, and gladly would, give who 
live and die unrecognized by those who would desire to make 
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their services available, and whose recognition would augment 
their usefulness a hundred fold. 

Do you ask the remedy for this disease ? I know none, ex- 
cept such change in public sentiment as may lead to deference, 
in scientific matters, to the judgement of experts, together with 
the maintenance and encouragement of institutions which may 
serve to develop experts and indicate who they are. 

It cannot be denied that there is a large class with whom 
strong antipathies exist against scientific pursuits, and against 
those who are habitually engaged in them. For these preju- 
dices there are various reasons, some by no means unnatural. 
That continual demand for evidence, which scientific studies 
evoke, is peculiarly distasteful to the vague and purely specula- 
tive mind, and affords a never-failing subject for ridicule. The 
very warfare in which the reverent votary of science some- 
times finds himself involved in defence of her interests — so 
paramount in his estimation to his own — is made a ground for 
imputations of irritability and jealousy. The mere utilitarian 
objects to the abstractions of the higher sciences, as unfitting 
men for the daily duties of life; ignorant himself of any 
utility or duty which does not lie upon the surface. And then 
there is a counter-prejudice even among some educated and 
thoughtful men, which regards all studies pertaining to the 
physical universe, as of a low order and “materialistic” ten- 
dency, and which actually despises all inquiries, the correctness 
of whose results may be tested. 

How far just foundation may exist for any of these adverse 
judgements, I will not undertake to say. There can be no 
doubt that exclusive attention to any one class of pursuits, 
will give onesidedness to the character, as well as to the cul- 
ture ; yet I am not sure that scientists are more justly subject 
to this criticism than any other class of men. Indeed it might 
be claimed for them, with a fair show of reason, that as a class, 
they are more familiar with literature, philosophy, and the arts, 
than the followers of these vocations are with science. Cer- 
tainly they are better acquainted with the practical affairs of 
technology, than the so-called “practical man” is with scien- 
tific matters. And if the tenor of their studies lead them to 
distinguish sharply between what is, and what is # not, suscepti- 
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ble of proof, and thus to lose some of the genial influences of 
imagination through their quest of the ennobling influences 
of truth, they may perhaps be thereby rendered less agreeable 
companions, yet they are none the worse citizens. 

But all the opposition to scientific studies, springing from 
such considerations as I have named, is small compared with 
that from theological sources. From the very dawning of 
modern science, the various systems of theology have waged 
against it an unceasing war. The demonstrable character of 
its results have rendered it especially obnoxious to those who 
feared some encroachments upon their prescribed tenets, or 
who dreaded lest the overthrow of some favorite theory might 
be fatal to all reliance upon their creed. Some have assumed 
an antagonism between the orally and the visibly revealed word 
of God, and in their solicitude for the former have attempted 
to discredit the latter, and summoned to their aid the whole 
battery of the casuist. But they have forgotten that excess of 
zeal is abortive, whether it be in behalf of science or of reli- 
gion, and is sure to create a reaction injurious to that cause in 
behalf of which it is exhibited. 

I remember thirty years ago hearing a venerable and good 
man, who stood in the front rank of our scientific teachers, 
preface his lectures on geology with a deprecation of its 
“infidel” tendency when not properly interpreted. And the 
days are by no means past, when the efforts to reconcile appar- 
ently conflicting statements, in the book of Genesis and the 
book of Nature, are far more strenuous than any efforts at 
verifying the credentials of either statement. The inquisition 
of two decades ago took a different shape from that of two 
centuries earlier, but it was scarcely less tyrannous or unre- 
lenting. That agony of nerve and muscle, which wrung from 
Galileo Galilei his transient recantation, was scarcely more 
severe than the mental and moral pangs, which more than one 
man of science has been called upon to bear in our own day, 
because he has become convinced that our earth existed thou- 
sands of centuries ago; that all mankind are not descended 
from a single pair ; that the evidence is decisive that human 
beings lived during the pleiocene period ; or that the sun ante- 
dated the earth, and its alternations of day and night. 
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All this is changed in our seminaries of learning today, I 
admit. In the meridian blaze of scientific knowledge, and 
the diffusion of its life-giving energy, such darkness could not 
continue. Yet how short the interval since its dispersion! 
Revulsions of popular feeling are like the oscillations of a 
mighty pendulum. Reaction has now in turn overshot its mark, 
and today it is theology which stands on the defensive. Even 
that attempted compromise, which would leave to scientists all 
things scientific, and to theologians all things theological, 
although in its nature unstable, has failed to find that tempo- 
rary acceptance which might have been anticipated for it. 

Thus the conflict, between accepted creeds and facts claiming 
to be demonstrable, is one which may no longer be delayed. 
No temporizing will avert it more, and one or the other must 
yield. Truth, though many-sided, cannot be discordant, and 
th$ honest man desires to know and to accept it. No evidence 
for any theory can be satisfactory, so long as evidence on the 
other side cannot be disposed of. The student of nature 
deals, it is true, only with material facts ; yet his results, such 
as they are, are demonstrable, and may not be discarded to suit 
the preference of any sectarian. On the other hand, theologi- 
cal and philosophical inquiry deals only with moral evidence 
and with mind ; yielding results which rarely admit of actual 
demonstration. With a strange avidity, the name ‘science’ 
is constantly claimed for researches in these fields, as though 
no other word were equally honorable ; still it is relatively only 
a very small portion of them to which the term may be right- 
fully applied, since it implies the investigation, not of facts 
alone, nor doctrines, but of laws. And although unquestion- 
ably there have been, and may be, elicited in this field certain 
laws, yet their paucity is recognizable by the criterion that 
what is once established must be accepted by competent minds, 
and adopted as a basis for farther research. To deny the laws 
of gravitation, of the tides, of storms, of magnetism, is merely 
to manifest ignorance. Yet the multitude of diverse systems 
of philosophy and of religious creeds has been increasing, not 
diminishing, for the last two thousand years. 

Still it may not be denied that we have two independent 
means of attaining knowledge of the higher truths. These 
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imply totally different methods, and should reciprocally con- 
firm each other, if their results be correct. Let the existence 
of a real conflict in their results be once established, and their 
is no escape from the inference that at least one of them is 
erroneous. Now although mistakes in scientific deductions are 
frequent enough, no sane man will contend that those results 
are erroneous, which may be proved to the acceptance of 
all competent investigators who examine the question. And 
those, who war upon all scientific investigation of theological 
questions, must either object to competent evidence, or must 
plant themselves upon the dangerous ground that all physical 
evidence is inadmissible. 

In what I am saying I am sure no one will suspect me of the 
slightest intentional disrespect to the religious convictions of 
any earnest believer, however conservative or however liberal. 
Yet we are continually brought to the old, old dilemma, wl\ere 
science seems to demand one inference, and faith another. 
To accept either, if hopelessly contradicted, is repugnant to 
the philosophic mind; how to reconcile them, has been the 
problem of the ages. The apparent antithesis may be vari- 
ously stated. One man presents it as between Nature and 
Revelation ; the latter certainly divine, the former in its 
essence illusory. Another puts it as between Science and 
Religion ; the former ignoring the moral, and the latter the per- 
ceptive faculties. A third gives it as between the evidence of 
the Senses and the intuitions of the Soul. Bigots, casuists, 
fanatics, have each in turn assailed the teachings of science, 
and have swept along with them many a good and earnest 
man whose fervid piety has led him to glory in the motto 
4 Credo quia impossibile est' Vague arguments, in which words 
and ideas have become almost inextricably confounded, have 
alarmed the consciences of men, lest the rewards of faith 
should be withheld from those whose faith required no sacrifice 
of reason. Meanwhile it has been forgotten, both that there 
must be some apparent reason for one’s faith, and that faith 
and reason are alike expressions of the Divine in man. To 
such an intensity has bigotry continued even in our own days, 
that we may see the mischievous sophistry yet maintained in 
some quarters, that there are moral limits to inquiry, which 
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man may not presume to transcend ; before which scientific 
research is unlawful, and theological inquiry sinful. What 
could impel to such doctrine, except an apprehension of those 
results to which honest research might lead? Were the pro- 
hibition addressed only to a class deemed incompetent to in- 
vestigate intelligently, or whose preliminary knowledge was 
inadequate, we might appreciate and possibly approve it. 
But this is not its spirit. It is either an assertion that the 
Almighty cannot guard his own secrets, or else it is an asser- 
tion that the All-wise and All-powerful has imbued us with 
quenchless aspirations, and has established incentives which 
cannot be followed without leading us away from him. Before 
modem science existed, while superstition held unchallenged 
sway, when dealers in the black arts of chemistry, astronomy, 
and the like, were conceded to have sold their souls to Satan, 
such a doctrine might not have surprised us. But that edu- 
cated partisans of any creed should maintain today, that 
obedience to the God-given instinct of searching out the laws 
and being of the Almighty, in his physical and moral creation, 
is a crime, and that the tree of knowledge still bears fruit 
which it is forbidden to gather, in however reverential a spirit, 
seems a horrible anachronism. 

If there be one moral truth which may be regarded as be- 
yond all question, it is that our worship belongs to the author 
of nature, who fashioned alike the body and the soul of man, 
and is sovereign over all matter as well as all spirit. Yet the 
separation between scientific and religious views of the uni- 
verse has been growing wider for a century, impelled by the 
joint efforts of the bigot and the atheist, who have worked 
most earnestly together for their common object. Never was 
the need so sorely felt for the discovery and recognition of 
that middle term, which must exist, and through which the dis- 
sonant views are reconcilable. 

One of the clearest thinkers of our time believes that he has 
found such a middle term, and maintains with vigorous argu- 
ment the doctrine that it exists in Force. And among its varied 
and correlated manifestations he claims that it nowhere finds a 
simpler or higher manifestation than in Will, — the only form 
which may claim to be primary. Here we enter upon a theme 
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so lofty and so dizzying in its height that we may well distrust 
our powers ; and in the unwonted keenness of our sense of their 
inadequacy, we feel how closely we are treading upon the mar- 
gin of their range. Yet I will venture to say a few words 
upon this point, because I find myself alike unable to resist 
the conviction* that a great verity underlies the idea, or to ac- 
cept the doctrine as consonant with what may be regarded as 
demonstrated concerning the nature of force ; notwithstanding 
the ability with which it has been maintained by a certain 
school of philosophers, that life, consciousness and all psychical 
energy are simply manifestations of this same force, — conver- 
tible into and deduced from heat, chemical action and the 
like. 

Scientists are now of accord that “force can neither be 
created nor destroyed,” and that “the quantity of force in 
nature is just as eternal and unalterable as the quantity of 
matter.” Its various forms are eminently convertible, yet 
utterly indestructible. And to avoid that fruitful source of 
disagreement among the ablest men, which has arisen from the 
ambiguous signification of the word, we must adopt the meaning 
which is finding general acceptance, and define force as “ that 
which is expended in producing or resisting motion;” thus 
clearly discriminating between force and its cause. 

In his retiring Address before this Association, last year, our 
honored ex-president Dr. Barnard presented an argument, so 
vigorous and clear that I see no room for an adequate re- 
joinder, in opposition to the doctrine which would extend the 
principle of the conservation of force to the phenomena of 
consciousness, — “a philosophy which at the present day is 
boldly taught in public schools of science, and which numbers 
among its disciples many very able men.” He says, for in- 
stance : — 

“ Organic changes are physical effects, and may be received without 
hesitation as the representative equivalents of physical forces ex- 
pended. But sensation, will, emotion, passion, thought, are in no 
conceivable sense physical.”— [JVoc. Amer. Assoc . , Chicago, p. 89.] 

“The philosophy, which makes thought a form of force, makes 
thought a mode of motion ; converts the thinking being into a me- 
chanical automaton, whose sensations, emotions, intellections, are 
mere vibrations produced in its material substance by the play of 
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physical forces, and whose conscious existence most forever cease 
when the exhausted organism f hall at length flail to respond to these 
external impulses.”— [/hid, p. 91.] 

“Thought cannot be a physical force, because it admits of no meas- 
ure. ... A thing unsusceptible of measure cannot be a quantity, and 
a thing that is not even a quantity cannot be a force.” — [Ibid, pp. 
W, 4.] 

Before the cogent reasoning carried out by President Bar- 
nard, of which the general tenor is indicated by these quota- 
tions, the view that force affords a middle term between the 
moral and the material worlds can be sustained as little as the 
pure materialism against which the argument was directed. 
But if we ascend a grade higher, and consider that which 
guides and compels force, as force guides matter, I am dis- 
posed to believe that the problem may be nearer to a solution. 
Yet I offer my views with hesitance, not unmindful of the great 
thinkers who have considered these exalted topics, and shrink- 
ing from the rebuke of presumption. 

There is an elegant experiment, in which the tension of a 
spring is made to produce heat by percussion, thus developing 
the current from a thermo-electric battery, which by successive 
modifications of its force exhibits heat, chemical action, mag- 
netic attraction, and finally bends another spring; the same 
original force successively appearing in all these various mani- 
festations until it is reestablished in its primitive form. In 
such an experiment the imperfections of the apparatus would 
of course entail some loss at each successive step, and thus 
preclude the practical recovery of an available force equal to 
that expended in the original flexure of the spring. Yet the 
fact is beyond question that such loss is due solely to the inade- 
quacy of our implements for collecting and transmitting the 
force at each stage of the experiment ; for the law of conser- 
vation teaches that it is in every instance converted into other 
form or forms without diminution. Could such an apparatus 
be constructed with theoretical perfection, it would represent 
an eternal circuit of force ; and, like the frictionless pendulum 
in a vacuum, it would exhibit a perpetual motion, after the 
needful impulse had once been applied. The spring would os- 
cillate forever, did no extraneous force oppose, whether the 
A A. A. 8. VOL. xvm. 4 
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force producing its rebound were or were not transmitted 
through a chain of modifications. • 

In this inert apparatus no force whatever would have been 
embodied, yet qualities would have been implanted by design, 
which would compel an indestructible force, applied to it, to 
play the part of an unwilling Proteus. The influence seems 
unavoidable that force may be guided and controlled, com- 
pelled to exert itself in this or in that shape, without the out- 
lay of any other force for the purpose. If it be objected that 
it is an intrinsic law of force that it shall change its form in 
exerting itself, the case is in nowise altered by the expression 
of this truism. Our design has prescribed, and (extraneous 
force being absent) might indefinitely prescribe, the modes and 
directions in which that constant force should manifest itself. 

Muscular force is directed, and in its vital action is usually 
controlled, by will. If we assume it to be coequal with the ex- 
penditure of tissue,* measurable alike by its transferred re- 
sults and by the decomposition of this tissue, where and what 
is that power which lets loose or withholds this force, and 
whose action is attended by a conscious effort? It is the will, 
— a something which directs and controls force without ex- 
pending it. Not only are thought and forms of consciousness 
not forces, if the reasoning already adduced be correct, but, 
although often moral incentives to the will, they are not even 
motive energies, in the sense in which I think we must con- 
cede the will to be such. It is true that the exercise of 
thought is followed by fatigue, yet it is not attended by a sense 
of effort, except in so far as it is directed by an exertion of 
the will. And although the former doubtless consumes tissue, 
have we any reason for believing that the exercise of will does 
the same, apart from that consumption which corresponds to 
the forces whose mode of action it prescribes ? 

Thus it would appear that the metamorphosis of force, 
though not “work done” in the mechanical sense, is the re- 
sult of some definite mode of causation. What this causation 
is, and whether it is susceptible of measurement, are the next 
questions. In the same category with this agency, or energy, 

•Even if it be also, to some extent, supplied by the disorganization of food not 
ftUly converted, the argument is not thereby affected. 
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or influence, the vital principle would seem to belong, — direct- 
ing forces while it neither expends nor consumes them. In the 
growth of organic beings, unstable combinations are formed, 
and organized structures are thence reared, in which, as Kant 
has so beautifully said, u all parts are mutually ends and 
means.” If in such organic development force is consumed, 
disorganization without decomposition ought to evolve it. Of 
the deposit of force in the unstable material of the tissues, I 
am not speaking, but of the vitality itself, which represents an 
energy requisite for the development and growth of organisms, 

— their dissolution being in turn attended by development of 
inferior forms of life, which, suggest that this energy may have 
again been made available, — an energy too which is not 
“force,” as this term has just now been defined. 

No comparison can be drawn between vitality and those * 
molecular forces which build the crystal. Crystalline forms 
arise when the molecular attractions enjoy the freest scope, 
and their construction must be attended by an evolution of 
force, which ought to be recognizable by physical tests, and 
which should also be measurable by an excess of their resis- 
tance to solution, over that of comparatively amorphous masses 
of the same material, in which equal weights present equal 
surfaces. 

So, too, not only in that individuality which life confers and in 
the impossibility of insulating or transferring vitality, but also 
in its hereditary character and its apparent susceptibility of 
indefinite increase or diminution, the vital energy violates our 
fundamental conceptions of force, and demands a separate 
category, seeming to belong in the same with will. If will and 
life be forms of force, their total amount must be limited by 
the law of conservation. If, on the other hand, they are out- 
side the realm of forces, we may more readily indulge the con- 
viction to which experience would lead, that their freedom is 
unfettered by any restrictions within our knowledge, — each 
enjoying an indefinite, though possibly a correlated scope in its 
own domain. The indestructibility of both matter and force 
implies a fixed coefficient of force for matter in equilibrium ; 
hnt how great is the contrast offered in this respect by such 
energies as life and will ! 
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Now if this reasoning be correct, we may have in this class 
of energies that middle term, so earnestly desired and so in- 
tensely needful, which unites the phenomena of matter with 
those of spirit, and forms the connecting link between science 
and religion; their harmonious conjunction affording the 
highest system of philosophy. It is this class of energies 
which, controlling the forces of matter, guides and ^governs 
their modifications and transformations. It is this, moreover, 
which, inseparable from mind, is exerted by all conscious organ- 
ism. The mystic play of coequal, but to our senses, so dis- 
similar forces, and the equally recondite mutual action of the 
eye, the brain and the nerve, alike demand agencies transcend- 
ing all our science, yet implicitly obeying physical laws. The 
highest manifestations of these agencies is in will ; the highest 
agent is the Almighty. Thus the dictum of faith, that the 
universe exists only by virtue of the continued will of its 
Creator, represents a palpable scientific fact ; and we may see 
that the pantheist, the materialist and the spiritualist (I will 
not be debarred from this noble word by the associations of its 
misuse today) have been contemplating the same exalted 
truth from different aspects, with limited ranges of vision. 

. With the disappearance of theological hostility to science, a 
new era will commence, and increased progress may confi- 
dently be expected both for science and for religion. But we 
may not conceal from ourselves that the omens are less favor- 
able for science in our own land than elsewhere, since there 
are peculiar obstacles to be encountered. These chiefly arise, 
directly or indirectly, from that characteristic in our national 
development, which assigns an exaggerated value to immediate 
utility, and a low estimate to what real utility is. It cannot 
be denied that the attainment of riches is becoming with us 
more and more the chief aim of existence ; and this tendency 
is aggravated by that dominant spirit in our large cities, which 
gives to wealth alone the influence which it ought to share 
with integrity, with refinement, with education, and with tal- 
ent. Thus the ambition of our youth is almost irresistibly 
directed to the acquisition of property as the highest worldly 
good, and their experience is made to confirm the doctrine. 
Our institutions of science, few as they are (and almost uni- 
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vereally confounded by the public with institutions for the 
preliminaiy education of youth), ore, like the latter, dependent 
upon subsidies and gifts from individuals. A disposition to 
advance the public welfare by liberal munificence, may cer- 
tainly be claimed for our wealthy classes, and America has a 
right to abundant pride in the generosity of her rich men ; 
yet it cannot be expected that largeness of views in literary 
or scientific matters should always be commensurate with 
largeness of heart ; and the monuments of unwisely directed 
generosity, scattered all over the land, commemorate gifts, 
which, if judiciously bestowed, would probably have placed the 
United States in the front rank of intellectual progress. But, 
more than this, these same influences have resulted in placing, 
to a very large extent, the governance and gnidance of intel- 
lectual agencies, and the control of intellectual institutions, in 
the hands of men not well fitted for their exercise. How could 
science, or literature, or art thrive, while their interests are in 
the keeping of those who do not comprehend them, and who, 
even with the best intentions, do not know at what to aim? 
The administration of the finances of an institution loses 
much of its value, when the institution itself goes adrift. And 
then again, while it has been and is still the usage to do all 
we can for the education of youth up to a certain point, no 
encouragement or support has been deemed needftil beyond 
that point ; so that in fact the individual is aided in prepar- 
ations for usefulness, but receives not the slighest encourage- 
ment for the actual exercise of that usefulness, after the 
preparation is completed. In late years we have actually re- 
trograded in this respect ; and, even in seminaries of education, 
discouragements are thrown in the way of those studies which 
do not suit the views of the utilitarian. But in America 
today, the crying need is of opportunities to make serviceable 
such preliminary training as may have been acquired in any 
purely intellectual or scholastic field — a need far greater than 
any lack of opportunity to obtain this requisite education. It 
has become forgotten that the training of the school and the col- 
lege is but a means, and not an end ; and, as in so many other 
cases, the end is lost from sight in the pursuit of the means, 
— the prosecution of research is neglected, while the requisite 
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education is zealously provided for. Thus it is that the sci- 
entist is compelled, almost without exception, to earn his bread 
independently of his vocation, that is to say, by work other 
than scientific research. Finally, the want of any recognized 
tribunal, whose judgement might be provisionally accepted 
upon matters requiring scientific knowledge for their decision, 
which might command public confidence by the character and 
attainments of its members, and which could represent, advo- 
cate and maintain the interests of science with the public and 
with government, has till recently been a source of disadvan- 
tage, which it would be difficult to overestimate. 

The extent to which our people has indirectly suffered from 
the want of recognition and support of scientific pursuits 
would scarcely be credited at first statement. The lack of 
those mental habitudes which they imply, is a fruitful parent 
of superficiality, and is largely accountable for our national 
fault, — want of thoroughness ; for thoroughness will never flour- 
ish while only those pursuits are encouraged which promise 
immediate recompense of the most tangible sort. Another 
result is the absence of deference to competent authority, the 
absence of respect for mental excellence and power. To be- 
come aware how little we know, requires some progress in 
knowledge ; and, just as want of faith brings superstition, so 
disregard or ignorance of known laws begets credulity. What 
ludicrous illustrations of this fact are daily offered by the 
vague popular conceptions of the well-known laws of electri- 
cal action. 1 have heard it said that the most complex pro- 
cesses are suddenly revealed and made clear to the feminine 
mind by the magic word 44 machinery.” Be this true or not, 
it will scarcely be denied that to the masculine intellect there 
is a cabalistic virtue of equal potency in the mysterious name 
“electricity.” To this awe-inspiring agency — although no 
more recondite for the physicist than heat or light or grav- 
itation — all uncomprehended facts are attributed with a sort 
of satisfaction to that reference to supernatural powers is thus 
evaded ! 

The recently prevalent belief in ghostly table-turnings, 
supernatural knockings, rappings and bell-ringings, and in 
spiritual lead-pencils, would furnish also a painful illustration 
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of my meaning, were it not still a somewhat dangerous subject 
to discuss with freedom, — even out of Salem ! 

Prominent among the serious dangers which are theatening 
the welfare of science among us, at present, is its advocacy 
upon improper grounds. That man is no loyal follower and 
no true friend, of science who bases her claims to support upon 
the ground of immediate practical utility. How essential she 
always has been to the useful arts, all history and experience 
proclaim ; yet these recompenses would form indeed a low and 
unworthy motive for her pursuit. To follow her for such an 
end would be to follow a Divine leader for the sake of the 
loaves and fishes, expected to be miraculously dispensed to 
hearers of the word. To hear that word, to learn that law, to 
gain some comprehension of the lofty scheme, such are at least 
the only motives worthy of avowal. The present reaction 
from the era, when all culture other than classical and meta- 
physical was disregarded if not despised, and the crusade 
against classical culture, which results from this excessive reac- 
tion, bode no good to science. The champions in this crusade 
occupy simply the utilitarian ground, and their alleged advo- 
cacy of science is in fact scarcely more than an advocacy of 
the useful arts as the highest object of education or of the 
attention of the educated classes. The crusade, is not in be- 
half of this or that form of intellectual progress ; it is against 
such intellectual culture as has not some tangible end, capable 
of being represented by dollars, or finding expression in some 
form of physical well-being. Results of this outburst of utili- 
tarianism, combined with worship of Mammon, are already 
visibly manifested all around us in the substitution of expen- 
Biveness for elegance, of monstrosity for grandeur, of gaudi- 
ne88 for beauty, of quantity for quality. As the golden age 
degenerated to the iron, so the age of iron has dwindled 
into that of tinsel. See, in so many public buildings, how 
tawdry contrasts in color, or extravagance in ornamentation, 
usurp the place of beauty in form. See, in public grounds, 
how the grace and harmonies of nature are ostracized, for the 
sake of putting something expensive in their place. Even the 
reverence which would fain preserve and protect what is hal- 
lowed by associations and memories of the great and good is 
regarded as a conservatism, quite “ behind the times.” 
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To save our country from the abyss, on the verge of which 
it stands, will require all the energies which can be summoned ; 
yet we have the satisfaction of knowing that, with few excep- 
tions, the most refined and cultivated men of the land recog- 
nize the danger and are united in efforts for its aversion. Sci- 
ence has few stronger friends than among the scholars of 
America; scholarship, few more zealous adherents and ad- 
mirers than among her scientific men. Intellectual culture, of 
any sort which aims at something higher than narrow utility, is 
what we need, and its advance in any one direction can 
scarcely fail to be followed by advances in others. Scientific 
education, moreover, peculiarly requires fullness of culture; 
and whatever hampers this, obstructs the progress desired. 
The experience of ages may not lightly be disregarded, and 
we must remember that novelty is not necessarily excellence 
in philosophy, education or art. 

But there is a pleasanter side to the prospect ; for, where sci- 
ence does have a foothold, her path is becoming smoothed and 
the sphere of her influence extended as never before. In scien- 
tific matters at least, we are attaining the epoch of simplicity, 
which entails universality, and this in its turn promotes the 
brotherhood of all who serve a common cause. The magnificent 
discovery of the correlation of the physical forces weaves the 
physical sciences into harmonious relationship, and opens to 
our vision glimpses of still grander generalizations beyond. 
Recognition of the equivalence of these different forces entails 
the introduction of absolute units which command universal 
acceptance ; and thermic, electric, magnetic, chemic, mechanic 
energies are gauged by units depending on the meter and on 
the earth’s rotation. The metric system of weights and meas- 
ures, already of almost universal use for purpose of research, 
is rapidly finding popular adoption among all nations, notwith- 
standing the force of prejudice and the reluctance to modify 
habitual usage. Thus the nations are entering into more inti- 
mate intellectual relations with each other, at the same time 
that, by the progress of the arts of life, the physical barriers 
which separated them are broken down, and the sharpness of 
dividing lines is softened. 

It would be unjust too, did we fail to acknowledge the influ- 
ences by which trade has not unfrequently exerted a most 
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healthful stimulus upon scientific research, when the require- 
ments of the arts have pointed out the directions in which 
farther knowledge is especially needful for their purposes. 
The wonderful additions to our knowledge of the laws of elec- 
trical circuits, which have been evoked in England by the direct 
influence of companies for the manufacture and use of subma- 
rine telegraph-cables, furnish a brilliant example of what may 
be accomplished in this way.# And of a quite analogous char- 
acter are those national influences and characteristics which 
tend to the especial promotion of particular branches of science, 
and, by the reciprocal and reflected action of these upon the 
tendency thus implanted, render it markedly prominent. Thus 
the need of discovering and making manifest the mineral 
wealth of this continent, together with the magnificent fields 
offered for exploration, have given in America remarkable 
development and impulse to geological investigation, and the 
proportion of geologists among our scientific men is probably 
manifold larger than in any other country. The same may be 
said of physical geography and of geographical and topo- 
graphical exploration. But, more than any other art, war has 
stimulated physical science; and those branches which have 
been made to contribute most abundantly to military ends are 
those which have thriven most among military nations. Ap- 
plied mathematics and the departments of physics useful to the 
engineer, the topographer and the artillerist have specially 
flourished in France. An amusing illustration of the relative 
positions which sciences and arts may occupy under peculiar 
influences, is furnished by a publisher’s book-list, published in 
Paris monthly. The newly published books are assorted by 
subjects, and one of the groups uniformly appears as follows : 
44 Sciences Mathematiques et MUitaires : — Astronomie , Arith- 
metique,, Marine , Equitation;” thus showing how thoroughly the 
system of classification is arranged from the standpoint of the 
cavalry-man. National legislation, too, exerts a decided influ- 
ence, and in our own land by no means a favorable one to the 
investigator. At this moment the import-duty imposed by law 
upon apparatus intended exclusively for investigation, in in- 
creasing the sum of human knowledge, is nearly three times as 
great as that upon the same apparatus if imported for purely 
A. A. A. S. VOL. XVTII. 5 


Digitized by v^.ooQle 



34 


ADDRESS OF EX-PRESIDENT GOULD. 


educational purposes, in disseminating knowledge already at- 
tained ! 

In these remarks, Gentlemen, I have endeavored to lay be- 
fore you such facts and considerations as may illustrate the 
position and relations of the follower of science, especially in 
the United States. What measure of confidence my inferences 
may deserve, your own experience and judgement must decide ; 
but I am sure you will not doubt my earnest desire so to pre- 
sent them as to wound the sensibilities of no man. I have 
sought conscientiously to describe the present aspect of sci- 
entific culture in our country, neither shrinking from the state- 
ment of unwelcome truths, nor refusing admission to the 
hopefiil promises of the future. What that future is to be, 
rests in great measure with the generation now upon the stage. 

The magnificent, the stupendous march of scientific discov- 
ery in the recent past, leads to brilliant and almost limitless 
aspirations for the near future. The range of human insight 
into the creation has been of late so wondrously expanded at 
each limit, that we are emboldened to expectations of scientific 
discovery, which at first seem utterly extravagant. If within a 
decade we have learned to analyze the incandescent substance 
of sun and star, comet and nebula, — if we have attained to 
thermic, electric and acoustic tests, delicate beyond the apparent 
reach of human perception, — if we have learned the strange 
relation of meteor and comet, and added even molecular forces 
to the lists of known cosmical agencies, — if we have traced the 
laws of thermal refraction within conducting solids, and found 
out a higher alchemy in the transmutation of forces, — is it too 
much to expect that a few years more will disclose the subtle 
relation between conduction and induction ; that whatever may 
correspond to refraction in electricity will be developed ; that 
the source of the phenomena of terrestrial magnetism will be 
brought to light by the continued study of its laws ; that the 
mystic bond of gravitation may be made less incomprehensible ; 
that, if radiant action without a medium be possible, its mode 
of operation will be discovered ; and that perhaps even the 
chemical constitution of the luminiferous ether may be ana- 
lyzed. 

In our own country, none of the obstacles to proper scien- 
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tific development are insurmountable in their character. Seri- 
ous they are indeed, yet far from discouraging. Amid our 
hopefulness and faith in the magnificent future which awaits 
the land we love more than Jews loved Zion, and toward which 
we look forward with an intenser pride than Athenian or Ro- 
man ever felt in the past glories of his country, we are too apt 
to tinge all the prospect with roseate coloring; and, in the 
greatness and depth of our confidence, we are tempted to shut 
our eyes to inauspicious omens. The patriot’s duty is not to 
deny, but to meet and avert, ail danger threatening his country ; 
it is to labor for her welfare, not to bask in dreams of her 
coining glory. 

There are already abundant indications of a desire in the 
community to encourage science. However large a share may 
have fallen by the wayside, or on stony ground, still much of 
the liberality already manifested must bear good fruit. And 
as the fruit ripens and the community receives the resultant 
benefit, many of the evils already enumerated must infallibly 
be diminished. That completely vicious circle of administra- 
tive policy must sooner or later disappear, by which, in in- 
stitutions established for noble ends, the aims and objects 
themselves are lowered for the sake of winning donations for 
additional endowment. The time cannot fail to arrive when 
literary, artistic and scientific matters shall at last receive the 
guidance of literary, artistic and scientific men. Of all intel- 
lectual pursuits, our national character seems most inclined to 
those of science. Would that the prospects of classical cul- 
ture and refinement were one-half as good as those of scientific 
progress; for the proper mutual relations once established, 
these could not fail to reinforce and supplement each the other. 
In short, we need only the adaptation of our hitherto untried 
forms of social organization to intellectual as well as material 
interests, — an adaptation, which the relatively small influence 
of intellectual pursuits thus far has too long delayed. 

The ftmdamental idea of this Association is the Advance- 
ment of Science by promoting intimate relations among those 
who love and desire to serve her, by gathering from distant 
regions the various results of scientific study for common dis- 
cawion aqd comparison, and by disseminating throughout the 
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country a popular interest in the ennobling pursuits to which 
we offer our allegiance. The absurdity of casting ridicule 
upon the Association because it invites to its ranks all lovers 
of science, whatever their sphere of life, their attainments, or 
their avocation, — cordially welcoming the contributions and 
encouraging the attendance of all who avail themselves of this 
means of furthering the great end, — is only paralleled by that 
other one, which finds another occasion for ridicule in the policy 
of confining the decision of purely scientific questions to those 
who are scientists by vocation. The flippant sneers at scien- 
tific institutions of both classes, which not unfrequently meet 
our eyes, would almost lead us to doubt whether it were de- 
sired to confine all scientific culture to a class of Brahmins, or 
to submit the law of gravitation to a popular vote by majority. 
In the present critical period of our national development, the 
need of an organization like this is palpable ; and, if only some 
element of greater stability and of established policy could be 
introduced (which would seem by no means difficult), its use- 
fulness would be beyond description, reaching to every corner 
of the continent, and permeating the whole people with its 
healthful influence. 

Our field, Gentlemen of the American Association, lies 
clearly mapped out before us. Our duties are shrouded in no 
uncertainty. To disseminate and impress the great truth that 
God has given us His works to read and His laws to learn ; 
to advance the public estimation of scientific research, not as 
a means, but as an end, — an end, however, which when hon- 
estly pursued never yet failed to bring rich recompense to 
the community ; to encourage and assist all institutions estab- 
lished for the increase of human knowledge ; to inculcate res- 
pect for learning and reverence for authority ; to guide ambi- 
tion away from the mere accumulation of lucre and toward 
intellectual aspirations ; to deserve the confidence and guide 
the liberality of good and patriotic men, who would contribute 
of their own abundance to further the holy cause of science ; 
to protect scientific interests from the greed of those, who 
would make of them a prey, incited by the lust of money 
or of power ; and by these and all other righteous means to 
hasten the time when the land of the setting sun shall become 
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the Orient by leading the science of the world, awing the 
nations rather by her intellectual achievements than by her 
material power ; — these are among the great interests which 
are committed to our charge. 

May we, one and all, so acquit ourselves of these high re- 
sponsibilities, that coming years shall render a verdict that 
the republic has received no detriment through negligence or 
weakness of ours ! 
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COMMUNICATIONS. 


A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 

I. MATHEMATICS. 

1. A Demonstration of Euclid’s assumed axiom relative 
TO PARALLEL LINES. By ALEXANDER C. TWINING, of 
New Haven, Conn. 

The plain and admitted fact that science feels no defect in 
its conclusions and experiences, no limitation even of its most 
subtle and recondite researches in consequence of the acknowl- 
edged absence of a link in the rigorous chain of Euclid’s 
demonstrations, does not, apparently, abate the zealous efforts 
of modern geometry, to have the defect supplied. It may be 
hard to explain why the human mind should persist in striving 
after a desideratum which is not felt as an operative necessity, 
except we recognize a profound conviction of the superiority 
of pure intellect, upon abstract subjects of thought, to any 
and all deductions from mere experience. The author of this 
paper has ventured before,* and ventures now to follow in the 
wake of the many who have attempted to prove, under the 
definitions, and by the severe paths of the old geometry, the 
noted axiom — not so accepted however by modern science, noy 
yet proven to general satisfaction — that through a given point 
there can he but one parallel to a given straight line . In pre- 
paring this paper for publication, some substitutions and abbre- 

• American Journal of Science and Arts, Vol. i, 9d series, p. 89. 
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viations have been made, of which an indistinct intimation was 
given at the time of its reading. Obviously the chief novelty 
and principal importance are centred in the resulting proposi- 
tion, which the Lemma here immediately following is made to 
precede as a mere, although an essential auxiliary, and might 
be proved yet otherwise. 

LEMMA. 

No triangle can have the sum of its angles greater'than two right angles. 

If this is proven of right angled triangles, then is it also 
proven of all triangles ; for any triangle whatever, may be 
divided into two right angled triangles, 
whose oblique angles together constitute 
the angles of the given triangle ; conse- 
quently if it is shown that the oblique 
angles of neither can together exceed a 
right angle, it is also shown that the angles of the given tri- 
angle cannot exceed two right angles. 
Accordingly, to prove the above for 
right angled triangles, let ABC be a 
triangle, right angled at B; and, if 
possible, let the two angles at A and 
C, be together greater than a right 
angle. Upon AB raise the perpen- 
dicular A D equal to B C and join CD. 
Because the two oblique angles of the 
triangle exceed a right angle, while the 
two constituent angles of BAD are 
only a right angle, it follows that 
D AC is less than its alternate angle 
ACB . Reverse AC upon itself, and 
revolve D down to 0, CO must fail 
within ACB , but, being only equal to 
BC, cannot intersect AB. Therefore 
the triangle ACO lies wholly within 
ABC, and 0 , or D, exceeds the right 
angle at B . (Euc. 1, 21.) Then the 
quadrilateral ABCD has two right angles, and has the angles 
BCD , CD A, equal, and each greater than a right angle. 

Revolve this quadrilateral over into the position ABC'D 1 ; 
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then DAD ' is one straight line, and CBC is also one straight 
line, and the quadrilateral CC'D'D has its four angles equal 
to one another, and each greater than a right angle. Revolve 
it over upon its terminal side D'G, into the position C , C"D"D , J 
then DD'D" is a reentering angle and CC‘ C" is another equal 
to it. Draw x b and x b perpendiculars to the medial line D' C 1 
at the apices D* and C'. They will meet CD between C and 
Dj and they will also meet C" D" between C" and D". Thus 
there will be formed a new quadrilateral x b 6 l7 having its angles 
all equal and in excess of the corresponding angles at C, D, 
D", C", because they are exterior to them in the triangles 
DD' l D , D i, b, etc. Also, for the like reason, and because D, 
D ", etc., are obtuse, the lines D / l1 D’b , etc., are greater, res- 
pectively, than D*D, D'D ", etc. Revolve the new quadrilat- 
eral over on its terminal side 66, into the new position 66'6 / 6. 
Then i 66 / , ^bV are reentering angles whose apices are at the 
extremities of the medial line 66. Perpendicular to that line, 
at those extremities and apices, raise the lines 22', 22' ; they 
will meet u and 6'6' within the points 3t lt and 6', 6', respec- 
tively. And by revolving over the quadrilateral 222'2' upon 
its terminal 2'2', this last will become a third medial line 
whose extremities are the apices of 1i third pair of reentering 
angles 22'2', from which a third pair of perpendiculars 2'3, 
may be raised, cutting the fixed terminal side, D C, in the 
points 3, 3, and making 33, less than 22, or than its equal, 
22'. And this course of construction, it is evident, may be 
continued at pleasure, so long as there remains a medial line 
at whose extremities new perpendiculars may be raised and 
produced backwards, to cut both DC and its corresponding 
and opposite terminal side ; that is to say, so long as the suc- 
cessive segments Cl, C 2, C 3, etc., have not increased to a 
length, as CZ, which shall have either met its opposite and 
equal DZ‘ , at the middle point between D and C, or the two 
shall have passed each other as seen in the figure. Now these 
segments cannot but so increase as to meet in the middle of 
DC or to cross ; for the interior angles at 1, 2, 3, etc., are less 
than right angles, and consequently Cl exceeds a perpendic- 
ular from C to C' 1, also 12 exceeds a perpendicular from 1 to 
62, and so on successively. Moreover these perpendiculars 
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themselves successively increase in magnitude, because they 
subtend, successively, larger angles CC‘ 1, 162, 22'3, etc., and 
from the extremities of successively longer sides C' 1, 62, 2'3, 
etc., opposite the respective right angles, as is shown by the 
construction.* Therefore neither C 11, 22, 3, nor any suc- 
ceeding increment of CZ or DZ' can be so small as the per- 
pendicular from C to C 1 . Let SZ , S' Z? be the two equal 
perpendiculars which are the first to meet or pass each other. 
These are drawn, by construction, from the extremities of a 
medial line. Thus, it follows, there can be drawn from a 
point, W, of their meeting and crossing, two perpendiculars to 
one and the same line, which is impossible. Therefore it is 
absurd to suppose that any right angled triangle , or any tri- 
angle whatever, has the sum of its angles greater than two right 
angles; which was the point to be proved. 

PROPOSITION. 

Through a given point there can be but one parallel to a given straight line. 

Let AB be the given straight line, and C a given point. 
Through C draw CF' at right angles to C A, a perpendicular 
to the given line. Then CF 1 is the only straight line through 
C, which cannot meet AB. 


DEMONSTRATION. 

Let there be any straight line, as CO, drawn through C, 
within the right angle at that point, and from some point G 
therein let GF be a perpendicular to CF. Bisect CF in /, 
and raise the perpendicular fl , meeting CO in I. In FG, pro- 
duced if necessary, take FK double //; join and produce 
IK, and draw IH to the bisecting point between F and K. 
Because it has been shown that the right angled triangle C/1 
cannot have its three angles together greater than two right 
angles they must either be together equal to two right angles, 


•For the reentering angles, successively diminish, and therefore the half dif- 
ference between each, and two right angles increases; also C*1>C'C, and much 
more, 61>C'C. In like manner 2'2>M and so on. And to suppose that the 
same or a less perpendicular can subtend the same given angle (and much more 
a greater angle) at a greater distance from the angular point, may easily be seen to 
involve the absurdity that two perpendiculars to the same line may be drawn from 
that angular point. 


Digitized by <^.ooQle 



MATHEMATICS. 


48 


or together less than two. If the latter, then will FG be 
greater than FK; for let / and H be joined, and obviously 
the triangle fFH , by construction, is equal and similar to 
(7/7, and therefore has the sum of its angles less than two 
right angles. But the triangle flH cannot have more than 
two right angles, consequently the two triangles fFH, flH, 
which together constitute the quad- 
rilateral fF HI, cannot have so much 
as four right angles, and therefore the 
two angles flH FHI, are together 
less than two right angles. But from 
the equality of the perpendiculars 
fl, FH, the last named angles are 
equal to one another, and therefore 
each is less than a right angle. Re- 
verse I H upon itself, and revolve over 
HQ into the position Ig. Then, be- 
cause HIg = IHG exceeds a right 
angle, it will lie out of Hlf, which 
has been proved less ; and, because 
fHG, Qlf, are the supplements, res- 
pectively, of the equal angles fl£F, 

Qlf, they are equal to one another ; 
and fHG less IHG , or the angle 
fHI, is less than Gif diminished by 
Hlf or in other words, than the an- 
gle HI G = IHg . Consequently IHg 
lies outside of IHf and the apex g 
lies outside of the triangle IfH, and 
Ig=zHG, is greater than If, or than 
its equal by construction, HK; be- 
cause, if / and g were joined, the 
angle Ifg would be greater and the 
angle Igf less than a right angle. 

But also the angle IgH=IGH is less than IfH; by which 
it appears that IGH+FfH= CGF+FCG is less than the 
two angles at / within the quadrilateral ; that is, they are less 
than a right angle. Consequently it is proven that if the 
(ingles of Cfl are together less than two right angles, the same 
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is true also of the angles of CFG ; and also that HG is greater 
than HK=zfI. From I drop IL a perpendicular to AB, 
then, the same things being given, the angle LIG, must lie 
within the angle LIK. And yet more, if necessary or de- 
sired, let the perpendicular F'G' be raised at the distance 
CF=2.CF, and F'K be taken twice FK, then the same 
things given, and the line IK 1 being drawn, it may in like 
manner be shown that if C G produced will meet the perpen- 
dicular in G', F' G' must be greater than twice FG, and much 
more be greater than twice FK, and that LIG ' would lie 
within the angle LIK ; but if CG produced cannot meet 
F* K produced, then much more must the angle LIO lie 
within LIK '. And still again, if another perpendicular F‘ K" 
be supposed, the double of FK, and raised at a supposed 
distance CF" twice that of CF, and meeting Cl produced in 
G n , then will F" G" be more than twice F‘ G‘, and so on in- 
definitely, and the same things may be proven as before. 

It follows from all the above that if the line Cl produced 
passes through K, then the three angles of Cfl are not less 
than two right angles. But they cannot be greater and must 
therefore equal two right angles. And, in fact, it will readily 
be seen, ex converso , that if the angles of Cfl are equal to 
two right angles, then Cl produced must pass though K, and 
also through K, K", etc., indefinitely, and must meet the line 
AB . To prove this join fH, then the triangle fFH by its 
construction is every way equal and similar to C/7, and its 
angle at H being complementary to its angle at / is equal to 
the angle Hfl, which is complementary to the same, — where- 
fore (Euc. 1. 4.) the triangles fHF, Hfl , have their third 
sides equal to each other and to C f, and also the angle at I 
equal to the right angle at F, and also the two angles at H, or 
FHI, a right angle ; and IF is a rectangle. Consequently, 
also, the two triangles IHK, Cfl, having the angles at H 
and / right angles, and the sides HK and fl equal by con- 
struction, and the sides IH, Cf equal, are equal and simi- 
lar triangles — wherefore the three angles at I together make 
two right angles, and CIK is one straight line, and the 
angles of CFK are together two right angles. And in like 
manner may the same be proven of the triangle CF K, and of 
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the supposed triangle CF'K", and so on indefinitely. Take 
in CA produced the distances Cl, C 2, C 3, equal, respec- 
tively to fl, FK , FK and so on, — each being double of 
the preceding, till Cn is found a greater than CA, and join 
71, K2 , K‘3, and so on. In the same manner as IF was 
proven a rectangle may /I be proven to be the same, and 
also, consecutively, F2, F' 3, and so on indefinitely for suc- 
cessive perpendiculars to DA, each of which is met by Cl 
produced, till finally the perpendicular Zn is proven to be 
met, as in Z , by the same. But AB cannot meet Zn, for if 
so it would form with it and the segment An a triangle whose 
angles were together greater than the two right angles. Conse- 
quently Cl produced will meet AB. Hence it has been dem- 
onstrated that if Cl produced passes through K it will meet 
AB; and it has before been shown that if it does not pass 
through K it will pass at some angle LIG within LIK, and 
consequently much more will it meet AB. Therefore it will 
meet AB whether it does pass or does not pass through 
K. But Cl or C 0 is any line whatever that makes an inner 
angle at C with CF. And if that inner angle is made on the 
opposite side from 0, the line must, if produced, meet AB on 
that side, as already proved for the side towards 0. But CF ' 
cannot meet on either side ; for, if so meeting, it would form 
with AB and AC a triangle having its angles together in 
excess of two right angles, which is absurd. Consequently 
CF ; , which cannot itself meet AB, is the only line through C 
that cannot so meet : — which was to be demonstrated. 


2. Ox the Construction of three Maps of Europe, France, 
and North America, in the Gnomonic Projection, 

WITH A VIEW TO THE DISTRIBUTION OF MINERAL WEALTH 
AND THE STUDY OF THE EARTH’S FIGURE. By FELIX 

Foccou, Madison, Wise. 

I have the honor to present to the American Association 
formula and calculations relating to a set of maps in the 
gaomonic projection, in the construction of which I have been 
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engaged about four years. In such a system of projection, 
the surface of a country is developed upon a plane, tangent to 
the terrestrial spheroid at the centre of the said country ; ail 
the points of the map are determined by the intersection of 
that plane with the radii of the sphere. The result of it is 
that every grand circle is represented as a straight line. So 
the eye is able to discover at a glance, whether the line which 
connects several points of geographical or geological import- 
ance, is or is not a grand circle of the earth. The practical 
superiority of these maps over all others now used lies in the 
fact, that on the latter ones every grand circle is represented 
by a curve line, which can be determined only by a graphical 
construction, or a series of calculus operations which involve a 
loss of time, and sometimes chances of mistake. 

Finally, the practical value of the gnomonic projection is to 
guide more surely the mining operations and the geographical 
studies, as it is well ascertained that many grand circles of the 
earth are, altogether, the lines of dislocation of the earth’s 
crust and the belt of mineral wealth of similar origin. Such 
a relation is fully illustrated, both in Europe and America, by 
recent discoveries of metallic mines and mineral springs, and 
by the close study of the main features of the two continents. 
However it must be understood that I engaged myself in the 
construction of gnomonic maps, not in order to advocate any 
theory of the figure of the earth, but to collect facts and com- 
pare them more easily than it is possible to do it with the 
actual systems of projection ; these systems are excellent for 
several purposes, and we must keep them ; but they require a 
complementary one, which is the gnomonic or radiated system. 

A map of Europe, about forty square feet large, is quite 
finished since January last, and will be engraved in order to 
represent the geological structure of that continent. The 
original sheet is in Paris (France), and will be brought to 
America as soon as the work of engraving is completed. 

At the same time, my assistant is engaged in the drawing of 
a special map of France, measuring about ten square feet, and 
a preliminary map of North America, of about the same size. 

The formulas which have been used are new and simple; 
they require but the knowledge of elementary mathematics, 
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and are calculable by logarithms. The calculations are to de- 
termine the meridians by their distance from an axis, and the 
parallels by their intersections with each meridian. The for- 
mula relating to the meridians is 

d=B tang l cos L' 

R being the radius of the sphere, l the longitude of the me- 
ridian, L< the latitude of the centre of the map, which centre 
is the point of tangence of the sphere with the plane of projec- 
tion ; d is the distance between the same centre and the point 
where the meridian intersects the axes of the map, which axis 
is the meridian of the centre. 

The formula relating to the parallels is 

^ R cos A coa & tang l 

sin (A -+• *) 

R being the radius of the sphere, l the longitude of the meri- 
dian, k the latitude of the parallel, 3 and W two auxiliary 
angles, and x the distance between the axis of the map and 
the intersection of each meridian with each parallel. 

The geographical drawing has been, and is still, actually 
performed in Paris, with the prospect of being subsequently 
pursued in the United States, and I will not fail to let the 
American Association know the progress of the work and its 
practical applications to the art of Mining and the Science of 
Geography. 


II. MECHANICS. 

!• The Laws op the Deflection of Beams exposed to a 
Transverse Strain, tested by Experiment. By W. A. 
Norton of New Haven, Conn. 

I propose, on the present occasion, to communicate the 
principal results of a series of experiments made with an 
apparatus which I devised for the purpose of testing the theo- 
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retical laws of the deflection of beams exposed to a transverse 
strain. 

[The apparatus was described in detail with the aid of sev- 
eral large diagrams. The following description will suffice to 
give an accurate idea of its essential features.] 

It may be regarded as consisting of three different portions, 
viz. : (1) that which supports the stick to be experimented 
on ; (2) that which applies and measures the strain ; (3) that 
which measures the deflection produced. The supporting appa- 
ratus consists of two skeleton iron tables, each of which is a 
rectangular wrought iron frame, two and three-fourths feet long 
by two feet broad, resting at the four corners upon cast-iron 
legs two and a half feet high. The longitudinal bars of this 
frame are one inch broad by two inches deep. These tables 
are placed lengthwise on the same line, say a north and south 
line, and one foot four and a half inches apart. Each of them 
supports a transverse sliding frame composed of two wrought 
iron bars, one inch by two inches, placed four inches apart, and 
formed at the ends into two sliding saddle pieces that rest upon 
the longitudinal bars of the table-frame. These sliding frames 
can be set at any distance apart, from two feet to six feet. 

„ IJpon each of them rests an iron plate five-eighths of an inch 
thick, and fitted by grooves to the two iron bars, so as to be 
movable in the direction of their length, or crosswise to the 
lengths of the tables. Upon these plates rest two cast-iron 
supports, each consisting of an upright pillar, one and one- 
eighth inches square in cross section and twelve inches high, 
connected at the bottom with a plate that is supported by four 
leveling screws upon the sliding plates just described, and at 
the top with a plate five inches long (crosswise to the table- 
frames), two and one-eighth inches broad and five-eighths of 
an inch thick. The nearer edges of the top plates of these 
upright supports are beveled off, so as bring them imme- 
diately over the pillars. The stick experimented on rests 
immediately on these iron plates, and its effective length is the 
distance between their nearer edges. 

The mechanical contrivance for applying the strain to the 
stick, like the supporting apparatus just described, is wholly 
made of iron, and consists of an upright screw, turning by 
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means of female screws in two horizontal plates fastened at 
their four corners to upright columns. These columns are 
firmly connected with an iron bed plate, which is placed be- 
tween the table supports above described and securely fastened 
to the floor-joists by long screw-bolts. The screw-head is con- 
nected by intermediate pieces with an iron stirrup that rests 
crosswise upon the stick. There is a special arrangement, 
which cannot well be described here, by which these interme- 
diate pieces are made to move in a truly vertical direction, 
and not partake, in any degree, of the revolving motion of the 
screw. One of the intermediate pieces referred to, is a Fair- 
banks Spring Dynamometer (essentially the same as Regnier’s). 
The circular dial-plate reads from one pound to one thousand 
pounds. By means of the screw a power of one thousand 
pounds can be applied to the stick ; but in the experiments the 
strain was in no instance carried higher than five hundred 
pounds. 

The apparatus for measuring the deflection produced, con- 
sists of a brass lever of two arms, each five inches long, one 
end of which is depressed by the middle of the bent stick, and 
the equal rise of the other is measured by a micrometer-screw. 
This micrometer-screw reads to one temthousandth of an inch. 
The lever is placed crosswise to the length of the stick and 
opposite its middle. It passes thrqugh a vertical slot in the 
iron stirrup that rests upon the middle of the stick, and 
presses by a blunt steel knob against the under side, the far- 
ther end of the lever being made slightly heavier than the 
other, so as to secure a moderate pressure. The arrangement 
for supporting the lever consists of a wooden strip six and 
a half feet long, two and three-eighths inches deep, and one-half 
inch thick, stiffened along the top by a strip of brass. This is 
secured to the pillars of the two upright supports, by clamping 
pieces, which firmly hold it at a distance of five inches from the 
centres of the pillars and parallel to the length of the stick. 
Upon this supporting strip rests a sliding saddlerpiece, having 
a small flat plate on the top, and adjustable by horizontal 
screws that pass through its vertical side plates and press 
against the vertical sides of the wooden strip. Upon the top 
plate of this saddle-piece rests, by means of four leveling 
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screws, another small plate, upon which the knife-edge of the 
lever immediately rests. From the vertical side-plate of the 
saddle-piece that is farthest from the stick, extends a small 
horizontal bar, six inches long. This lies directly under the 
farther half of the lever. Near its farther end the micrometer- 
screw passes through it from below upward, and touches the 
under side of the lever, at a distance of five inches from the 
knife-edge support. The contact of its rounded point with the 
lever is observed with a microscope. The screw-head, adapted 
to the lower end of the screw, is two inches in diameter. Its 
outer vertical edge is silvered, and graduated to read to thou- 
sandths of an inch ; but a small vertical wire fastened to the 
bar above it, past which the screw-head moves, subdivides the 
smallest space on the graduation, so as to make it possible to 
read to the one ten-thousandth of an inch. Since the knife- 
edge of the lever is at the same distance from the point of con- 
tact with the upper end of the micrometer-screw and from that 
with the middle of the under side of the stick, the micrometer 
readings are the linear deflections of the middle of the stick. It 
will be observed that the depressions of the knob of the lever 
under the middle of the stick, will be the actual deflections ; 
since the support of the fhlcrum of the lever is firmly con- 
nected with the upright supports of the stick, and will par- 
take of any depression that they may experience from any 
settling of the apparatus under the action of the force that 
produces the deflection. It may be remarked here that it was 
ascertained, by an independent set of experiments, that the 
actual depression of the apparatus was very small ; only from 
two to three-thousandths of an inch for every one hundred 
pounds of pressure. 

The manner of conducting the experiments will be readily 
understood. The inner edges of the top surfaces of the up- 
right supports upon which the stick is to rest, are set at a dis- 
tance apart equal to the proposed effective length of the stick ; 
either two feet, four feet, or six feet. These surfaces are care- 
fully leveled and adjusted to the same horizontal plane. The 
lower plates of the upright supports are firmly clamped to the 
sliding frames on which they rest, by portable clamps. The 
stick is then put in its place, the iron stirrup placed cross- 
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' wise upon its middle, and connected by a sliding bolt and key 
with the upper end of the closed spring of the dynanometer. 
The apparatus for measuring the deflections is also leveled and 
adjusted. The screw is then slowly turned until the index of 
the dynanometer indicates one hundred pounds, two hundred 
pounds, or any other force of pressure it is proposed to apply, 
and the reading of the micrometer-screw indicates the linear 
deflection of the middle of the stick produced by the pressure 
applied. 

The experiments were made 'upon white pine sticks of vari- 
ous lengths, from two feet to six feet, and various breadths 
and depths, from one inch to four inches. The results are 
derived from the means of a large number of experiments. 
As an additional test the experiments were repeated upon a 
second set of sticks. 

The received theoretical formula for the deflection of beams 
of a rectangular cross section of uniform dimensions, is 

pi % 

f=z m in which m is a constant, P the power applied, E 

the modulus of elasticity, l the length, b the breadth, and d the 
depth of the stick. For the case of a beam resting freely on 
two supports and loaded in the middle, to which the experi- 

Pl V 

ments were entirely confined, this becomes /= If this 

formula be correct, then the following laws must be true. 

(1) . The deflection is directly proportional to the pres- 
sure. 

(2) . It is inversely proportional to the breadth. 

(3) . It is inversely proportional to the cube of the 
depth. 

(4) . It is directly proportional to the cube of the length. 

We will now compare each of these laws with the experi- 
mental results obtained. 

First Law. The deflection is directly proportional to the 
pressure. The following table contains a few of the results 
that serve to test this law. The first three columns give the 
lengths, breadths, and depths of the sticks, and the last column 
gives the differences between the deflections produced by the 
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two pressures given in the column headed Difference of 
Pressures. 

The deflections for the first one hundred pounds of pressure 
are. not included, for the reason that there is more liability to 
error in observing the absolute deflection than in observing the 
increments of deflection produced by each one hundred pounds 
of augmented pressure, starting from a pressure of one hun- 
dred pounds. The actual results for the first one hundred 
pounds are given, for comparison, at the bottom of the table. 


TABLE I. 


SUcks. 

Diff. of Pressures. 

Dlff. of Deflecaons. 

Length. 

Breadth. 

Depth. 







in. 

an. 

4 in. 

2 in. 

100 lbs. to 200 lbs. 

0.0114 

44 

ii 

ii 

200 44 44 800 44 

0.0102 

<« 

«c 

it 

800 11 41 400 41 

0.0090 

<i 

ii 

it 

400 41 44 500 44 

0.0090 

4 ft. 

2 in. 

8 in. 

100 44 44 200 44 

0.0459 

a 

ci 

ii 

200 44 44 800 44 

0.0160 

2 ft. 

Sin. 

2 in. 

100 44 44 200 44 

0.0159 

u 

ii 

ii 

200 44 44 800 44 

0.0135 

it 

ii 

ii 

300 44 44 400 44 

0.0127 

2ft. 

2 in. 

8 in. 

100 44 44 200 44 

0.0088 

<( 

“ 

it 

200 44 44 800 44 

0.0084 

ii 

it 

II 

300 44 44 400 44 

0.0060 





in. 

2 ft. 

4 in. 

2 in. 

0 lbs. to 100 ]bs. 

0.0119 

4 44 

2 “ 

3 “ 

ii it ii 

0.0477 

2 44 

8 “ 

2 “ 

ii ii ii 

0.0164 

2 44 

2 “ 

3 44 

ii ii ii 

0.0092 


The following table gives the deflections for one hundred 
pounds, two hundred pounds, tliree hundred pounds, &c., 
pressure : 
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TABLE II. 


sacks. 

Pressures. 

Deflections. 

Length. 

Breadth. 

Depth. 


in. 

0.0119 

2 ft. 

4 in. 

2 in. 

100 lbs. 

14 

u 

«< 

200 “ 

0.0233 

u 

M 

a 

300 “ 

0.0335 

a 

M 

tt 

400 “ 

0.0426 

u 

it 

tt 

600 “ 

0.0516 

4ft 

2 in. 

3 in. 

100 “ 

0.0477 

44 

u 

a 

200 “ 

0.0936 

u 

u 

tt 

300 “ 

0.1396 

2ft. 

Sin. 

2 in. 

100 “ 

0.0164 

“ 

«< 

«i 

200 “ 

0.0323 

44 

a 

M 

300 “ 

0.0458 

U 

it 

(I 

400 “ 

0.0585 

3ft. 

2 in. 

3 in. 

100 “ 

0.0092 

•* 

a 

u 

200 “ 

0.0181 

u 

u 

tt 

300 « 

0.0264 

“ 

u 

u 

400 “ 

0.0344 


It appears from the results given in tables i. and n, that the 
deflection is approximately proportional to the pressure ; but 
strictly speaking increases according to a less rapid law. The 
probable explanation of this descrepancy between theory and 
fact, is that as the force of pressure increases the neutral axis 
of the cross section of the stick shifts its position, and its 
distance from the centre of gravity of the cross section aug- 
ments as the pressure becomes greater. From this cause the 
moment of the resistance to flexure increases indirectly with 
the pressure, at the same time that it increases directly from 
the augmented strains of the fibres. The increased moment 
of resistance to flexure resulting from this shifting of the neu- 
tral axis, should be attended with a diminished increment of 
deflection for the same increment of pressure. 
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Second Law. The deflection is inversely proportional to the 
breadth. Table hi. will serve to test this. 


TABLE III. 


Sticks. 

Obs. Deflection 
for 100 lbs. 

Cal. Deflection 
for 100 lbs. 

Difference. 

Ratios 
of Error. 

Length. 

Br’dth. 

Depth. 

in. 

in. 








2 ft. 

1 in. 

2 in. 

0.0423 

0.0423 

in. 



2 “ 

«( 

0.0195 

0.0211 

+ 0.0016 

1-12 

<< 

3 “ 

u 

0.0147 

0.0141 

— 0.0006 

1-24 


4 “ 

« 

0.0106 

0.0106 

0.0000 


4 ft. 

1 “ 

«< 

0.2858 

0.2858 



«< 

2 “ 


0.1200 

0.1429 

+ 0.0229 

1-5 

«( 

8 “ 

u 

0.0983 

0.0952 

— 0.0031 

1*32 

«« 

4 “ 

u 

0.0624 

0.0714 

+ 0.0090 

1-7 


The numbers in the column of calculated deflections are 
obtained by assuming the observed deflection for the smallest 
breadth (one inch), and computing the deflection for the other 
breadths on the supposition that it is inversely proportional to 
the breadth. The last column gives the ratios of the differ- 
ences between the observed and calculated deflections, given in 
the preceding column, to the observed deflections. The ob- 
served deflections answer to an increase of pressure from one 
hundred pounds to two hundred pounds, or two hundred pounds 
to three hundred pounds. It will be seen that the errors are 
some plus and others minus, and that the ratios of error are 
small fractions. They are, however, too great to be attributed 
entirely to errors of observation; but not greater than may 
reasonably be ascribed to differences in the moduli of elasticity 
of the different sticks, and to the greater shifting of the neu- 
tral axis in the case of the sticks most strained, in connec- 
tion with possible errors of observation. 

Third Law. The deflection is inversely proportional to the 
cube of the depth. 

It soon became evident, in the course of the experiments, 
that this law could not be regarded as even approximately 
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true, except in the cases of sticks, or beams, whose length 
bore a high proportion to their depth. The following com- 
parisons of observed with calculated deflections will show that 
it fails in the case of sticks two feet in length. 


TABLE IV. 


Sticks. 

Ratios 
of bd* 

Obs. Deflec. 

Cal. Deflec. 

Diff. 

Ratios 
of Error. 

; 

Length. 

BrMth. 

Depth. 


in. 

0.1414 




* ft. 

2 in. 

1 in. 


in. 

in. 


1 « 

1 “ 

2 “ 

1 to 4 

0.0423 

0.03S3 

—0.0070 

1-6 

* “ 

S 

2 41 


0.0147 




I “ 

2 “ 

3 “ 

1 to 2} 

0.0084 

0.0066 

—0.0019 

1-4.4 


TABLE Y. 


Sticks. 

Ratios 
of d* 

Obs. Deflec. 

Cal. Deflec. 

Diff. 

Ratios 
of Error. 

Length. 

BrMth. 

Depth. 


in. 

0.1414 




2 ft. 

2 in. 

1 in. 


in. 



** 

M 

2 “ 

lto 8 

0.0106 

0.0177 


1-11 

u 

M 

3 “ 

1 to 27 

0.0084 

0.0062 


1-2.6 


The calculated are all less than the observed deflections. 
The same is true when sticks of greater length than two feet 
are taken, but the errors are smaller in proportion as the length 
is greater. It appears, therefore, that the deflection decreases 
according to a less rapid law than the inverse cube of the 
depth. 

Fourth Law . The deflection is directly proportional to the 
cube of the length. 

The experiments show that this law fails, as well as the third. 
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TABLE VI. 


Sticks. 

Ratios 
of 1» 

Ohs. Defleo. 

Cal. Deflec. 

Diff. 

Ratios 
of Error. 

Length. 

Br*dth. 

Depth. 


in. 

0.0195 




2 ft. 

2 in. 

2 in. 


in. 

in. 


4 “ 

2 14 

2 44 

1 to 8 

0.1200 

0.1560 

+ 0.0860 

1-8 AS 

2 “ 

2 44 

8 44 


0.0064 




4 “ 

2 44 

8 44 

1 to8 

0.0460 

0.0672 

4-0.0212 

1-2 

2 44 

8 44 

2 44 


0.0147 




4 “ 

8 44 

2 44 

1 to 8 

0.0983 

0.1176 

4-0.0193 

14 

2 44 

4 44 

2 44 


0.0106 




4 “ 

4 44 

2 44 

1 to8 

0.0024 

0.0848 

4-0.0224 

14.8 


We may conclude, from these results, that the deflection in- 
creases according to a less rapid law than the cube of the 
length of the stick. We have already seen that it decreases 
in a less rapid proportion than the inverse cube of the depth. 
It follows, therefore, that the true formula for the deflection 
probably contains at least one additional term, which varies 
less rapidly than as the cube of the length directly and the 
cube of the depth inversely ; or in other words, contains l in the 
numerator, and d in the denominator, each raised to a lower 
power than the cube. Now, if we consider attentively the 
changes that must occur in the relative positions of the mole- 
cules within a stick or beam, when it is subjected to a cross 
strain, we may perceive that a cause of deflection exists which 
has hitherto been disregarded, or deemed too insignificant in 
its effects to be taken into account. 

• It is plain that when a stick, or beam, of a uniform rec- 
tangular cross section, resting on two supports, is loaded at 
its middle, a vertical force equal to one half the weight is 
transmitted to each support, by the slipping of each vertical 
section, or lamina, upon the next, until a vertical force of re- 
sistance is called into play equal to half the weight. As each 
section must transmit this same force to the next, the slip- 
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ping of one section upon another must be the same from the 
middle to the end. The section at the middle will be directly 
depressed, from this cause, by an amount equal to the sum 
of all these displacements that occur between the middle and 
the end, or to any one displacement multiplied by the number 
of sections, or indefinitely thin laminae, in this interval. This 
depression should, then, be directly proportional to the half- 
length, or length of the stick. If we compare sticks of the 
same length but different cross sections, the number of fibres 
that are subjected to this cross strain, or the number of mate- 
rial points in each cross section whose vertical resistance will 
be called into operation by the slipping of this section upon 
the next, will be proportional to the area of the cross section) 
and hence the amount of the relative sliding displacement will 
be inversely proportional to this area. It will be seen, then, 
that die sinking, or linear deflection of the middle of the beam, 
thus directly resulting from the slipping of contiguous vertical 

sections, may be represented by the expression c ; in which 

P is the load, l the length, b the breadth, and d the depth of 
the beam, and C a constant that must be determined by exper- 
iment. 

The theoretical deflection given by the formula which has 
been under discussion, is due to longitudinal strains on the 
fibres, indirectly resulting from the 
same slipping of contiguous sec- 
tions. If ab and cd represent two 
vertical cross sections, indefinitely 
near to each other, of which ab is 
nearest the middle of the beam, 
the transmission of the action of 
the half-weight will cause ab to 
slip relatively to cd until a ver- 
tical resisting force comes into op- 
eration equal to thej half-weight ; 
and the rectangle abed will take 
the form of the oblique parallel- 
ogram, a'b'&d'. The diagonal ac will therefore be short- 
ened, and bd lengthened. Accordingly a strain of compression 
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will come into operation along a'&, and a strain of extension 
along b'd'. The reactions to these strains will take place, along 
a'd from the middle o toward a', and from o toward c', and 
along b'd' from b toward o, and from d' toward o. As a con- 
sequence the points a', and d', will be urged by equal forces 
toward the left, or toward the middle of the beam, and the 
points 5', c', by the same forces, toward the right. The sum of 
the first two forces will then be a longitudinal strain of com- 
pression on the upper fibre, and the sum of the last two an 
equal strain of extension on the lower fibre. It will be ob- 
served that the strains here considered as confined to the 
upper and lower fibres, are actually distributed over all the 
fibres above and below the middle fibre of the beam. 

The conclusions here arrived at with regard to one indefi- 
nitely small rectangle a&cd, will be equally true of any other 
that may be considered between the middle and end of the 
beam; and the same longitudinal strains will be developed 
by the slipping of contiguous sections, in each rectangle. 
The entire longitudinal strains on the fibres, at the middle, will 
then be the sum of the individual strains developed in all the 
rectangles of the half length of the beam. The ordinary equa- 
tion of equilibrium of a beam may be readily made out from 
the present point of view ; but we have now only to consider 
the matter of deflection. It will be seen that the movements, 
to the left and right, of the angular points of the parallelo- 
gram a'b'&d', that have been signalized, will be attended with 
a turning of the whole parallelogram from right to left around 
its centre o. The direct tendency to rotation will be the same 
for each parallelogram of the half length of the beam, but owing 
to the propagation of the longitudinal strains on the fibres 
developed at each parallelogram, from the end to the middle, 
the actual compressions and elongations will be greatest at the 
middle, and the actual rotation of the parallelogram there will 
be the greatest. The deflection consequent upon the elonga- 
tions and compressions of the fibres, is the joint result of the 
rotary movements of all the parallelograms in the half length 
of the beam ; and it is represented by the formula which has 
been under discussion. 

It would seem, then, that the true theory of deflection con 
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ducts to the following formula, in the special case of a beam 
resting on two supports and loaded in the middle. 


/= c S+ 


pp 
4 Ebd9 


Let us now proceed to compare this formula with our exper- 
imental results. For this purpose we will determine the values 
of the two constants C and E for each individual stick, and 
compare the several values obtained. If the formula be cor- 
rect, the different sticks all in precisely the same mechanical 
condition, and the experiments perfectly accurate, we should 
get the same values for these constants in the case of each 
stick. But the experiments are liable to more or less of error, 
and the sticks may differ materially from one another in their 
mechanical condition; and even where they do not, as the 
actual deflections experienced are so different with sticks of 
different dimensions, any changes in the values of the constants 
that may result from the shifting of the position of the 
neutral axis, under the operation of the strains, should differ 
more or less. The derived values of the constants may there- 
fore differ among themselves, within certain limits, without 
leading us to conclude that the formula is probably at fault. 

The following table contains the values of C and E, calcu- 
lated from the deflections due to one hundred pounds, for two 
sets of sticks of the same dimensions. They were all over 
four feet in actual length, but in the experiments the effective 
lengths taken were either two feet or four feet. The values of 
E and C were obtained, in some instances, by taking the de- 
flections for the same breadth and depth but different lengths 
(either two feet or four feet), and in other instances by taking 
the deflections for the same length but different breadths and 
depths. The results of two sets of calculations are given in 
the table. In the one the deflections answering to the least 
and greatest strains are taken, and the deflection due to one 
hundred pounds computed from the difference of these by sim- 
ple proportion ; in the other the same is obtained by taking 
the deflections answering to strains, or pressures, intermediate 
between the extreme strains. 
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TABLE VII.- 


Sticks. 

Dili, of Extreme Pressures. 

Diff. of Intermediate 
Pressures. 

Set No. 1. 

E. 

<7. 

E. 

C. 

1. 

b . 

d. 





ft. ft. 

in. in. 

in. in. 





2, or 4 

2 

1 

1,359,500 lbs. 

0.0000108 

1,308,430 lbs. 

0.0000082 

2 

2, or 3 

3, or 2 

1,506,809 “ 

0.0000100 

1,579,960 “ 

0.0000095 

4 

2, or 3 

3, or 2 

1,584,820 44 

0.0000087 

1,560,800 “ 

0.0000078 

2, or 4 

4 

2 

1,552,000 44 

0.0000140 

1,501,200 “ 

0.0000127 

2, or 4 

2 

2 

1,481,800 “ 

0.0000106 

1,423,600 “ 

0.0000084 

Me&i 

IS, . . 

. . . 

1,508,966 “ 

0.0000108 

1,474,798 44 

0.0000083 

Set No. 2 






ft. ft. 

in. 

in. 





2, or 4 

3 

2 

1,277,729 lbs. 

0.0000084 

1,254,000 lbs. 

0.0000080 

2, or 4 

2 

3 

1,285,984 44 

0.0000089 

1,315,000 41 

0.0000088 

2, or 4 

4 

2 

1,558,900 “ 

0.0000110 

1,542,860 44 

0.0000107 

2, or 4 

2 

2 

1,561,822 44 

0.0000084 

1,600,000 44 

0.0000100 

Mear 

is, . . 

. . . 

1,423,609 44 

0.0000092 

1,427,965 44 

0.0000094 


The general formula applicable to white pine sticks of the 
general quality used in these experiments, will be obtained by 
taking the mean of the several values of E and <7 given in the 
above table. To test the theoretical formula we have obtained 
we will take the mean values of E and C r for the second set of 
sticks, given at the bottom of the fourth and fifth columns, 
viz. : E =1,427,965 pounds, and c= 0.0000094. We thus have 


/= 0.0000094 - 
bd 

or, taking P= 100 lbs., 


1 6,711,860 XHI 


/= 0.00094 + 


l » 

57,118.6 X M? 


The following table contains the values of / calculated by 
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this formula, and the results of a comparison of the calculated 
yalues with the deflections observed. 


TABLE VIII. 


Sticks. 

Cal. Values of/. 

Obs, Deflec. 

Difference. 

Ratios 
of Error. 

L 

ft. 

d. 

in. 

0.0882 




4 ft. 

3 in. 

2 in. 

in. 

0.0983 

in. 

—0.0101 

1-9.7 

2 44 

3 44 

2 44 

0.0140 

0.0147 

— 0.0007 1 

1-21 

4 44 

S 44 

3 44 

0.0434 

0.0460 

—0.0026 

1-18 

• M 

S 44 

8 44 

0.0062 

0.0084 

—0.0002 

1-42 

4 44 

4 44 

2 44 

0.0661 

0.0624 

+0.0037 

1-17 

2 44 

4 44 

2 44 

0,0104 

0.0090 

+0.0014 

1-6.4 

4 44 

a 44 

2 44 

0.1323 

0.1200 

+0.0123 

1-9.8 

2 44 

a 4< 

2 44 

0.0208 

0.0195 

+0.0013 

1-15 


The comparative accuracy of the old and new formulas, will 
be seen on comparing the ratios of error in tables iv, v, and 
▼i* and table vin. It should be added that the results given 
In table iv, are from calculations made in each instance on 
sticks which are identically the same, whereas those in table 
▼m, are affected with the errors resulting from the fact that 
the values of E and C are the mean values obtained from a 
number of different sticks, which may differ more or less in 
their mechanical condition. If we take the average values of 
these constants given in the table for the stick three inches by 
two inches in cross section, and obtained by taking the deflec- 
tions answering to the lengths, two feet and four feet, the form- 
ula thus obtained gives, for these transverse dimensions and 
the lengths, two feet and four feet, respectively, four results, 
theratios of error of which lie between one fifteen-hundredth 
and one one-hundred and twentieth. 

Let us compare the values of the first and second terms of 
the formula. This is done in table ix. The values of E and 
C taken in the formula, are the individual values for each stick 
given in the second and third columns of table vn. 
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TABLE IX . • 


Sticks. 

First Term. 

Second Term. 

Ratio. 

Sum. 

Z. 

b. 

d. 

in. 

0.00002 

in. 

0.08962 



4 ft. 

3 in. 

2 in. 

1-12 

in. 

0.0904 

tt 

2 41 

3 44 

0.00093 

0.03979 

1-6.7 

0.0467 

tt 

4 “ 

2 44 

0.00668 

0.0664 

1-8 

0.0090 

tt 

2 “ 

3 44 

0.01000 

0.1106 

1-11 

01206 

tt 

1 “ 

3 44 

0.01776 

02681 

1-15 

02858 

2 

3 “ 

2 44 

0.00346 

0.01119 

1-32 

0.0146 

tt 

2 44 

3 44 

0.00346 

0.00497 

1-1.4 

02064 

a 

4 44 

2 44 

0.00328 

0.00693 

1-2 

0.010S 

tt 

2 41 

2 44 

0.00600 

0.01383 

1*22 

0.0188 

M 

2 44 

1 44 

0.00900 

0.13150 

1-13 

0.1414 

it 

1 44 

2 44 

0.00990 

0.03801 

1-32 

0.0428 


It will be observed that the value of the first term is in gen- 
eral comparatively larger for the length of two feet, than for 
that of four feet ; and in two instances is as large as one-half 
the second term. » 

If now we divide the first term by the second, we obtain as 
the general expression of their ratio, 4 E ; from which 

we see that it is proportional to (j -)*. When \/4 E C, 

4 E C — becomes equal to unity, and the first term equal to the 
z* 

second. When has a less value than this, the first term is 

greater than the second. Taking the mean values of E and (7, 
given in the last two columns of table vn, for the first set of 
sticks, we have s/± E C = 7.41. The mean values given in 
the same columns for the second set of sticks, give \f±EC= 
7.33. If therefore the length of a white pine stick be less 
than about seven and one-third times the depth, the deflec- 
tion from the cause heretofore neglected becomes greater than 
from the cause to which the whole deflection has hitherto been 
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ascribed When the length and depth are equal, it is nearly 
fifty-five times greater ; from which it appears that in this case 
the deflection directly due to the slipping of contiguous verti- 
cal lamina, so greatly preponderates over that indirectly re- 
sulting from the same by reason of the longitudinal strains 
communicated to the fibres, that the latter is comparatively 
inappreciable. 

It will be seen, from the general expression for the ratio of 
the two terms, above obtained, that the formula for the deflec- 
tion may take the following form : 

I have made, with the same apparatus, a series of experi- 
ments on the degree of set, or residual deflection, communi- 
cated to sticks by varied strains, and under various circum- 
stances, and obtained interesting and valuable results. The 
discussion of these experiments is reserved for another oc- 
casion. 


2. Suggestions on the theory of the Composition of 
Forces. By F. W. Babdwell, of Washington, D. C. 

(ABSTRACT.) 

That velocity is proportional to the force causing it, we can 
only know from experience, but the principle of the composi- 
tion of velocities, known as the parallelogram of velocities, is 
obvious from geometrical considerations, and is entirely inde- 
pendent of any relation between velocity and the force causing 
it. But if force is proportional to velocity, then the principle 
of the parallelogram of forces necessarily follows. If force 
** not proportional to velocity, then, as necessarily, the prin- 
ciple of the parallelogram of forces fails to hold. 

The logical order of the exposition of the composition of 
forces then seems to be : — First, to establish from geometrical 
considerations the parallelogram of velocities. — Secondly, to 
that in all the varied combinations of forces, acting both 
m nature and under the control of man, the results verify the 
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assumption that force is proportional to velocity, and that this 
principle may be accepted. — Thirdly, that the principle of the 
parallelogram of forces necessarily results from the two previ- 
ous. 

La Place, in his Mecanique Celfate, reverses this order, and 
deduces the parallelogram of velocities from the parallelogram 
of forces. In his demonstration, however, he assumes that if 
two component forces, x and y, become successively dx, 2 dx, 3 
dx, etc., and dy, 2dy, My, etc., that their resultant z would be- 
come successively dz , 2 dz, 3 dz, etc., and the angle 0 between 
the directions of x and z would remain constant. But it seems 
to me that these results can only be considered to take place, 
on the hypothesis that force is proportional to velocity, and 
that they necessarily rest upon it. La Place does not admit 
this hypothesis until at a subsequent point of his investigation, 
and therefore his demonstration has that fallacy. 

Lagrange says that Bernoulli attempted to establish the 
principle of the composition of forces on considerations inde- 
pendent of that of motion, and gave a complicated demonstra- 
tion based on two “ principles,” but these principles also de- 
pend on that of force proportional to velocity , and it would 
seem that the parallelogram of forces involves essentially this 
principle, and cannot be freed from it. 


3. On the Thermo-dynamics op Water-falls. By Alfred 
M. Mayer, of South Bethlehem, Penn. 

Every one standing before a cataract is impressed with the 
presence of power in the plunging water ; and those who are 
accustomed to consider the evolution and transmutations of 
force naturally inquire into what phases of motion this falling 
mass is converted. 

The cataract leaps the brow of the precipice and strikes the 
water below ; vibrations are generated in the air, in the earth 
and water, and there arises a cloud of mist from the base of 
the falls. These are the immediately evident results of the 
falling water ; but yet another effect we should naturally ex- 
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pect to find, that is, the heating of the water after its impact 
on the rocks and river beneath. 

This effect has been suspected by all natural philosophers ; 
but, as far as I know, no one attempted to detect and measure 
it until Prof. Joseph Henry made some thermometric observa- 
tions at the Falls of Niagara in Sept., 1857. Prof. Henry 
gave a verbal account of his observations before the Baltimore 
meeting of the American Association for the Advancement of 
Science, in May, 1858 ; but unfortunately they were not pre- 
sented for publication in the proceedings, and all that appears 
in the published account of that meeting is merely the follow- 
ing title : “ Observations made at the Falls of Niagara, 1st 
September, 1857, by Prof. Joseph Henry.” According to my 
recollection of the remarks of Prof. Henry, he did not detect 
any difference of temperature in the water at the top and bot- 
tom of the falls. This was probably owing to the want of 
delicacy in the thermometer, which read only to 1° Fahr., the 
fractions of degree being estimated by the eye aided by a 
lens. 

I therefore, during a recent visit to Niagara and Trenton 
Falls, determined to repeat these observations with a delicate 
Centigrade thermometer, by Alvergniat of Paris, reading to 
0°.02 Cent. 

The first observations were made at Trenton Falls, July 4 ; 
the others at Niagara, July 7, 1869. 

The water, at each place, was collected in a tin cylinder, 
attached to a strong cord, holding about a half-gallon and of 
sufficient depth to allow the thermometer to be entirely im- 
mersed ; while the temperatures were read as soon as the mer- 
curial column ceased to descend. 

Trenton Falls, July 4, 1869. 

Sky overcast. Drizzling. No perceptible wind. Tempera- 
ture of air during observations 18°. 3, C. 

The top-water was taken within ten feet of the leap of the 
falls ; the bottom-water at about thirty feet from the bases of 
the two cataracts ; and about five minutes elapsed between the 
last reading of the temperature of the bottom-water and the 
first reading of the top-water. 

A. A. A. S. VOL. XVin. 9 
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Sherman FaUs ( Trenton ), W. side . Height 39 feet . 


OBSERVATION S . TEMP. TOP-WATEB. TEMP. BOTTOM-WATER. 

1 16°.6 C. 16°. 7 C'. 

2 16°.6 16°.7 

3 16°.6 16°. 7 

i 

High Fall ( Trenton ) upper fall W. side . Height 45 feet. 


OBSERVATIONS. 

1 

2 

3 

4 


TEMP. TOP-WATER. 


16°.6 C. 
16°.6 
16°.6 
16°.6 


TEMP. BOTTOM- WATER. 

16°. 7 C. 

16°. 7 
16°. 7 
16°.7 


At first sight these observations seem to have established an 
interesting physical fact in accordance with the thermo-dynamic 
theory ; but the same degree of heating (0°.l C) in each case, 
and the amount of the heating of the water does not agree 
with that which Joules' unit establishes; according to which 
the increase in temperature at the base of Sherman Fall should 
have been 0°.028 C, and at the High Fall 0°.032 C. 


Niagara Falls, July 7, 1869. 

W. side of Canada fall. Height 158 feet. Sky 0.7, cloudy ; 
sun appearing at intervals. Wind S. ; gentle breeze. 

The top-water was here collected from an overhanging log, 
about sixty feet from the brow of the cataract and about thirty 
feet from the shore. The bottom-water was taken in first 
series of observations about two hundred feet from W. side of 
the base of fall, and in second series at about five hundred feet 
distant from base of cataract, to both of which points a strong 
current set in directly from the apex of “the horse-shoe,” and 
the water when dipped was white with the air-bubbles it con- 
tained. 


Niagara Falls. Observations at Top of Cataract. 

OBSERVATIONS. TEMP. TOP-WATEB. TIME OF OBSERVATION. 


1 

18°.85 C. 

1.45 p.m. 

2 

18°.80 

1.49 

3 

18°.80 

1.52 

4 

18°.75 

2.00 

Mean Temp., • . 

. 18°.80 
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Temperature of the air in shade with N. exposure, at top of 
the fall, during the observations, was 24°.00 C'. 


Bottom-water . 

TTing OF OBSERVATION. 

2.15 P.M. 

2.30 

Mean Temp., . . . 18°.6. 


Niagara FdUs . First series. 

OBSERVATION 8 . TEMP. BOTTOM-WATER. 

1 18°.6 C. 

2 18°.6 


Niagara Falls. Second series. Bottom-water. 


OBSERVATIONS. 

1 

2 

3 


TEMP. BOTTOM-WATER. 

18°.55 C. 
18°.60 
18°.55 


TIME OF OBSERVATION. 

2.40 P.M. 

2.43 

2.50 


Mean Temp., . . 18°.566 C. 

Mean Temp, of first and second series, 18°.583. 

Mean Temperature of air at bottom of cataract, from five 
observations, was 22°.16 C. 

The above observations show that the water after having 
reached the point at the base of the cataract where it was col- 
lected was cooled 0°.217 C, instead of being heated 0°.113 C, 
as should have taken place had all of the falling force of the 
water been converted into heat. 

Thus at Trenton Falls we obtain a + and at Niagara a — 
departure from the deductions of a well established theory. In 
order to appreciate these apparently anomalous results we 
should consider the physical conditions of the water during and 
after the fall. 

As the water approaches the brow of the precipice, and just 
after it makes the leap, it has different velocities at various 
points of section at right angles to its surface, the velocity of 
its particles decreasing with the depth from the surface owing 
to the friction of the lower strata on the river-bed. This dif- 
ference of velocity first tends to break up the sheet and then 
the resistance of the air (which increases with the square of 
file velocity of the falling particles) farther disintegrates the 
liquid ; and when the sheet is thin, and the fall high, it will be 
completely “ atomized” as we see in the Falls of the Staubach 
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and of Yosemite. As the fall strikes the river below it forces 
under its surface a large quantity of air, and thus during and 
after its fall the water is under conditions most favorable for 
its evaporation. 

When the surrounding atmosphere has a temperature above 
that of the top-water it will give up part of its heat when it is 
forced under the surface of the river below, and if the sheet be 
unbroken (as was nearly the case at Trenton Falls) this heat- 
ing cause will be added to the heating effect of the impact. 
While if the sheet is disintegrated during a high fall (as at 
Niagara) the cooling by evaporation may equal and even sur- 
pass the heating produced by these two causes. It therefore 
follows that with the same temperature of top-water different 
temperatures will be obtained at the foot of the same fall, ac- 
cording to the various hygrometric and barometric conditions 
of the atmosphere. 

Now, if we suppose that the water falls in an unbroken sheet 
of considerable thickness, that no vibrations of air, water and 
earth are produced, and that no heat . is given by the atmos- 
phere or abstracted by evaporation, we will have the total fall- 
ing force converted into heat, and that easily detected with a 
thermometer as delicate as that used in these observations. 
The heating effect would be in proportion to the height of the 
cataract or, what is the same, as the square of the velocity of 
impact; a fall of seven hundred and seventy-two feet being 
requisite (according to the experimental determinations of 
Joule) to heat the water 1° Fahr., which converted into centi- 
grade equivalent gives 772 X f = 1390 feet of fall for an eleva- 
tion of 1°, Centigrade. 

Thus we see why it was that at Trenton we obtained a heat- 
ing effect of 0°.l C., while theory gives 0°.032 C. (for the mean 
of the two falls), while at Niagara we obtained a cooling effect 
of 0°.217 C, instead of 0°.113 C. of heating ; showing that the 
water was really cooled by evaporation 0°.2174“0 o .113 = 0°.83 
C., without considering the abstraction, by the same cause, of 
the heat imparted to the water by the air, which must have 
been considerable as its temperature exceeded that of the top- 
water by 5°.2 C. 

We infer from our observations that one cannot derive from 
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thermometric observations on water-falls any data of value to 
the thermo-dynamic theory ; but we would suggest that obser- 
vations be made when the temperatures of the air and of the 
top-water are alike, while at the same time the air is saturated 
with moisture ; under these conditions the heating of the water 
due to its impact will be the least hidden by the heating or 
cooling effect of contiguous air, or by the cooling produced by 
evaporation. Observations should also be made under very 
different thermometric, hygrometric and barometric conditions 
of the atmosphere, which would give approximations to the 
measure of their several effects. 

We have no doubt that the results which will be obtained 
under circumstances when these extraneous disturbing causes 
are at a minimum, will give a residual heating effect due to the 
impact of the falling water, and its determination under these 
conditions is worthy of the attention of any one who has 
the advantage of proximity to the falls and the leisure and 
patience to make the observations. 


4. Physical Theory op the Principle of the Lever. By 
W. A. Norton, of New Haven, Conn. 

If it be true that two forces acting upon a lever will hold 
each other in equilibrio if their intensities be inversely propor- 
tional to their lever arms, it is plain that this principle must 
be a consequence of the law or laws, of the lateral transmis- 
sion of force from molecule to molecule of the lever, and 
therefore of one or more fundamental principles of molecular 
action consequent upon the disturbance of the natural equilib- 
rium of the molecules. I propose to show that it may in fact 
be deduced from two admitted principles of molecular action. 
These are: 

(1) If two integrant molecules of a solid body, which lie 
within the range of reciprocal action, be forcibly separated 
from each other a minute distance, a mutual attraction or re- 
pulsion will be brought into operation, and if they be urged 
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nearer to each other by an equal minute distance an equal op- 
posite force of repulsion or attraction will come into play. 

(2) The intensities of the forces thus originating are propor- 
tional to the amount of the relative displacement of the two 
molecules, on the line connecting them. 

To these fundamental principles are to be added that of the 
parallelogram of forces, as applicable to the case of two forces 
acting directly upon the same point. 

The principle of the lever presents three distinct cases, 
which require separate consideration. 

1. The Straight Lever , with perpendicular forces. 

2. The Straight Lever , with oblique forces. 

3. The Bent Lever. 

Case t. The Straight Lever , with perpendicular forces. We 
will first take the lever of the first order, and consider the 
precise process of transmission of either of the extraneous 
Fig. l. forces acting upon it from the point of ap- 

plication to the fhlcrum. Let ad, Fig. 1, 
represent a vertical line of particles of one 
cross section, or lamina, and cd the contig- 
uous vertical line of particles of the next 
section; and let us conceive that all the 
similarly situated pairs of lines of the two 
cross sections or laminae, are concentrated 
upon ab and cd, so that these lines may 
represent the entire cross sections. 

Suppose that the extraneous force is di- 
rectly applied to the first line, depressing 
it by a small amount. If we take one par- 
ticle m' of the first line and consider the actions upon it of two 
particles n, n', of the second line at equal distances above and 
below it, it will be seen that ra' will recede from n a minute 
distance, and approach n' by sensibly the same distance, and 
that the molecular forces brought into operation by these rela- 
tive displacements will be opposite in their character, and 
equal in intensity. Thus, if the recess of m' from n develops 
a mutual attraction, the approach of m' to n‘ will develop an 
equal repulsion. The resultant of these two forces acting on 
m' will be directed upward, or from m' toward a. A similar 
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result will be obtained for each pair of particles, n and n', that 
exercise a sensible action on m‘ ; except that for those situ- 
ated beyond a certain distance the forces developed, and con- 
sequently their resultants, will be reversed, or m' will be urged 
downward by the actions of such particles. Since m' is held 
in equilibrium in opposition to the extraneous force urging the 
section ab downward, the entire resultant of all the actions of 
the pairs of particles n, n x , of the section cd, on m' will be 
directed upward. The section ab slips upon cd, under the 
action of the extraneous force until this resultant is equal to 
the extraneous force. By our second fundamental principle 
the amount of this slipping will be proportional to this force ; 
since the actions of each pair of particles, w, n', will be pro- 
portional to this displacement. 

Now if we take any partiele n of the section cd, and con- 
sider the actions on it of two particles m, m', at equal distan- 
ces above and below n, and at the same distances that n and 
*' are above and below m l ; then, if the actions of n and n* on 
m' are such as to give a resultant directed upward, the actions 
of m and m' on n, will give a resultant directed downward, 
as shown by the arrows in the figure. These two resultants 
will be equal to each other. It follows, therefore, that the 
entire action of ab on n will be represented by a force acting 
downward equal to that by which m' is drawn upward by the 
action of cd upon it. This foroe will then be equal in intensity 
to the extraneous force. Accordingly the extraneous force 
will be transmitted from ab to cd; and in the same manner 
from this section to the next, and so on to the point of sup- 
port. The transmission is effected by the slipping of each 
vertical section, or lamina, by the same amount upon the next, 
and so developing reciprocal vertical actions equal to the ex- 
traneous force. 

Let us next seek to determine the longitudinal strains on 
the fibres, developed by the extraneous force in the process of 
lateral transmission just considered. Let ab and cd, Fig. 2 r 
represent two vertical cross sections of the lever indefinitely 
near to each other, of whioh ab directly receives the force ap- 
plied to one end of the lever. The relative slipping of con- 
tiguous laminae causes the rectangle abed to take the figure of 
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an oblique parallelogram, a'b'&d' ; the diagonal ac being short- 
ened, and the diagonal bd being lengthened. It therefore de- 
Fi g . 2. velopes forces of compression tak- 

ing effect from a' and & toward the 
centre o of the parallelogram, and 
forces of extension taking effect 
from o toward b‘ and d'. The reac- 
tions to these forces take effect 
from o toward a' and c', and from b' 
and d‘ toward o. These reactions 
will urge the points a' and d* 
toward the left, and the points b * 
and c 7 , toward the right ; and the 
longitudinal strains on the fibres 
a'd' and b‘c', thus originating at 
the angular points of the parallelo- 
gram, will be equal. For, supposing that there are only these 
extreme fibres, and that the diagonals a'& and b'd' are material 
lines, the figure a'b'&d' is to be regarded as a system in equili- 
brium under the action of two equal forces along its vertical 
sides ; that along a'b' being the active force and directed down- 
ward, and that along &d' being the equal reaction of the fixed 
support transmitted to &d\ and directed upward. One-half of 
each of these vertical forces will act at the upper and lower 
corners of the parallelogram. The reactions along the diago- 
nals, above alluded to, will at these points sustain the equal 
vertical forces acting on them, and at the same time develops 
equal longitudinal strains on the fibres a'd' and b'&. Or, 
more directly we may regard the equal vertical forces, at the 
four angular points, as taking effect at the same time along the 
diagonals and along the fibres. This is illustrated in Fig. 3, 
in which the vertical forces soliciting the angular points of 
the parallelogram are represented by the halves of its vertical 
sides, or by equal lines. It will be seen that the longitudinal 
strains developed at these points will be represented by the 
halves of the horizontal sides; and therefore that the entire 
strains on the extreme fibres, due to the parallelogram consid- 
ered, will be represented by these sides, ad and be. If now 
we take the case as it actually is, and regard the entire area? 
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abed, as made up of fibres, the only result will be that the longi- 
tudinal strains which, upon the previous supposition, would be 
developed along ad and 6c, will be 
distributed over all the fibres lying 
between these extreme fibres and the 
middle one. What the law of the 
distribution may be it does not con- 
cern us now to inquire. It is plain 
that the individual strains will de- 
crease from the outer fibres toward 
« 

the middle one, where there will be 
no strain. 

If now we take another vertical 
section indefinitely near to cd, it will 
form with cd another parallelogram, 
the vertical sides of which will be 
solicited, in opposite directions, by 
the same forces as those of the paral- 
lelogram just considered. The same 
strains as before will therefore be 
developed along the upper and lower 
fibres by these forces. The same will 
be true of each successive parallelo- 
gram into which the arm of the lever may be divided. The 
actual strain along any one continuous fibre, at the fulcrum, 
will therefore be equal to the strain on this fibre developed 
by any one of the parallelograms, multiplied by the number of 
parallelograms in the extent of the arm of the lever. Now if 
we suppose the two lever arms to be of unequal length, what- 
ever may be the comparative intensities of the two forces that 
balance each other, each will give rise to a slipping of contig- 
uous vertical sections, or laminae, of its lever arm, proportional 
* to those intensities, and so develop longitudinal strains on any 
fibre, in the extent of any single parallelogram considered, pro- 
portional to the same. Let p and q represent these propor- 
tional strains on a single fibre, and P and Q the forces applied 
to the lever, then p:q:: P: Q. Let m represent the arm of 
lever of P, and n that of Q. The number of equal parallelo- 
grams contained in these lever arms will be proportional to 
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their lengths, m and n. The strain on the fibre considered, at 
the fulcrum, resulting from the action of P, will then be de- 
noted by pmj and that resulting from the action of Q by qn. 
But the equilibrium requires that these directly opposite strains 
should be equal ; and therefore pm = qn. Hence p: q::n : m; 
and therefore P: Q: : n : m. 

Since each of the forces P, Q, is transmitted to the fulcrum, 
by the slipping of each vertical section of the lever on the 
next, without change of intensity, the pressure there will be 
equal to the sum of P and Q. 

The theory of the lever of the second order, as well as of 
the third, is essentially included in that of the lever of the first 
order ; since the reaction of the fulcrum of the latter may be 
replaced by an active force, and either of the forces P, Q, by 
the reaction of a fulcrum. 


rig, 4. 


Case ii. Straight Lever with oblique forces. Let A B, Fig 4, 
represent the lever, and P, Q, forces obliquely inclined to it, — 

the system being in 
equilibrium about 
some fixed point in- 
termediate between A 
and B. Produce P 
and Q to their point 
of intersection C, and 
let CP be the direc- 
tion of their resultant 
B, supposing them, 
for the moment, to 
act at C, Wherever 
the fulcrum may have to be in order that P may balance Q, P 
and Q will be transmitted to it, by the process of molecular 
lateral transmission that has been explained, without change 
of direction or intensity, and therefore give a resultant pres- 
sure, B', on it, having the same intensity and direction as B 
acting at C. Decompose P and Q as shown by the arrows, 
and suppose B' to be similarly decomposed into the compo- 
nents Bj perpendicular to the lever, and B 2 lying in it. Then, 
since B' is the resultant of P and Q transmitted to the ful- 
crum, we have Q 2 — P 2 =B 2 , and Pi+Qi = Bi. Thus P 2 and 
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Q s are neutralized by the component of the reaction of the 
fulcrum (which is equal and opposite to R) in the direction of 
the lever ; since this component is equal and opposite to 
It follows, therefore, that the two components, P x and Q 1? per- 
pendicular to the lever, will balance each other about the ful- 
crum. It now remains to be seen where the fulcrum must be 
situated, in order that P x may balance Q x . From F, where the 
line of direction of 22, through C, cuts draw FD and 
FE , perpendicular, respectively, to P and Q, then by the 
parallelogram of forces, P: Q::FE: FD; — and therefore P 
and Q may be represented by FF and FD. Now P 1 = P sin 

a, and Qi= Q sin ft; and sin a=^-, and sin = 

Hence P 1= P-^, and Q 1= Q^§. ; or P 1 = FE and 

Qi=FD ^ §-. Therefore P, : Q 1 ::FE^: FD^ : : 

■ -jj : : FB : F A. The fulcrum is therefore at the point F, 

where the line of direction of the resultant 22, of the forces P 
and Q supposed to act at (7, cuts the lever. But we have al- 
ready seen that P: Q:: FE: FD. Hence these forces are in- 
versely proportional to their 
technical lever arms, FE and 
FD. As P and Q are trans- 
mitted to the fulcrum without 
change of direction or inten- 
sity, the pressure on the M- 
crum will be equal to 22. 

Case ra. The Bent Lever. 

Let P and Q, Fig. 5, be two 
forces acting on two points 
A and B of a body of indef- 
inite extent, capable of turn- 
ing about a fixed point F, 
situated in the plane of the 
lines of direction of P and Q. 
tion to their point of intersection C ; and from F draw the per- 
pendiculars FA and FB. Divide F C into an indefinitely 
great number of equal parts, and from the points of division 
draw parallels to PA and FB. Let us first suppose that the 


Fig. 5 . 
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point C falls within the body, and that this is of uniform thick- 
ness in a direction perpendicular to AC BF, and has the form 
AC BF. The perpendiculars to P and Q, from the points of 
division of F C, will divide the body, conceived to be repre- 
sented by the area A CBF , into an indefinite number of similar 
portions of the bent lever form, with the points of intersection 
of the two arms on the line CP. Now let a represent the cross 
section of any one of these, on the line of P, and b the cross 
section of any one on the line of Q. P will be equally dis- 
tributed over the entire cross section A C, and Q in the same 
manner over B C. Let p and q denote the fractional portions 
of P and Q that take effect at the ends of any one of the bent 
lever portions of A CBF. If we consider any one of these 
portions by itself, it will be solicited by the forces p and q , 
and be in equilibrium under the operation of these forces and 
some portion of the reaction P', to the pressure P, on the 
fulcrum, produced by P and Q. They will be transmitted in- 
ward by the slipping of contiguous sections, and neutralized 
by a certain portion of P' transmitted along its line of direc- 
tion ; and the point in which this line intersects the bent lever 
portion under consideration must be its virtual fulcrum. Now 
if we consider the bent portion next to C, its fhlcrum must be 
indefinitely near to C; while that of the first elementary bent 
lever, AFB , lies at F. But all the fulcra of the elementary 
levers must lie on the line of direction of P', which passes 
through F. Hence, as C is the fulcrum of one of these levers, 
this line of direction must also pass through C. Now the 
direction of P' is opposite to that of the resultant P, of P 
and Q supposed to act at C ; since P' neutralizes P and Q 
transmitted, without change of direction or intensity, to F. 
Therefore, as its line of direction passes through C, it must 
coincide with the line of direction of the resultant P, of P 
and Q supposed to take effect at C. It follows, then, that the 
fulcrum, P, lies on this resultant. But, by the principle of 
parallelogram of forces, we have, for any point, F on the re- 
sultant, the proportion P: Q: : FB: FA. 

Now suppose a portion, Cmni, of the body A CB P, to be 
removed ; the equilibrium will not be disturbed, since the only 
effect will be to augment the intensities of the fractional parts 
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of P and Q that act on the elementary bent levers of the re- 
maining portion, mm BFA , without altering their ratio. 
Hence the forces, P, Q, which act on a bent lever and hold 
each other in equilibrio, are inversely proportional to their 
lever arms. 

It will be seen from what has been stated, in what manner 
the forces P and Q become neutralized by the action of R' y or 
the reaction of the fulcrum . Even when their point of inter- 
section, C , falls within the body, they cannot be regarded as 
actually transmitted to < 7 , and taking effect wholly there in 
opposition to R' transmitted and taking effect wholly at the 
same point. As a matter of fact it is only an infinitesimal 
portion of each force that operates at (7. An equal indefi- 
nitely small portion, p, q , or r, acts upon each elementary 
lever ; and each triplet of forces taking effect on each element- 
ary lever, counteract each other. In other words, the forces P 
and Q, instead of taking effect by direct transmission, wholly 
either at C or P, are actually distributed along the whole 
length of the portion of the line F C that falls within the lever, 
and are there neutralized in equal elementary portions, by the 
corresponding elementary portions of P', transmitted to the 
same points. 

If we suppose the body on which P and Q act, to have an 
indefinite extent, the only portion whose molecular forces will 
be called into play, in the transmission and counteraction of 
the forces, will be that comprehended within the lines of direc- 
tion of P and Q. This will comprise the part ACBF 
already considered, and another part lying on the other 
side of AFB^ that is on the side toward which P and Q 
solicit the points A and B. This part may be subdivided into 
elementary bent levers like the other, and its existence will 
have no other effect than to diminish the absolute values of p, 
q y and r, the triplet of forces answering to any one of the 
whole number of elementary levers, into which the entire por- 
tion of the body that lies within the lines of direction of P 
and Q is divided. It will be observed that for each element- 
ary lever of this part, the resultant of the forces p and q will 
take effect upon the fixed point P, as a force of traction, 
instead of as a force of pressure, as in the case represented 
in Fig. 5. 
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We thus arrive at the general principle, that if two forces, 
whose lines of direction when produced intersect each other, 
are applied to a body capable of turning about a fixed point in 
the plane of thpse lines, these forces will be in equilibrio, pro- 
vided the statical moment of the one force is equal to that of the 
other . 


III. ASTRONOMY. 

1. Spectrum Observations at Burlington, Iowa, during 
the Eclipse of August 7, 1869. By C. A. Young, of 
Hanover, N. H. 

The instrument employed was the same referred to in my 
next paper “on the use of the spectroscope in observing con- 
tacts at a solar Eclipse.” A comet seeker of four inches 
aperture and thirty focal length, throws, by the help of an eye- 
piece, an image of the sun, about two inches diameter, upon 
the slit of the spectroscope. The collimator and observing tel- 
escope of the spectroscope, made by Clark, have each an aper- 
ture of two and a quarter inches and a focal length of about 
seventeen inches. The dispersion is produced by a train of 
five heavy flint glass prisms with angles of 45°, each, and faces 
two and a quarter by three inches. They give a refraction of 
165° (for the D line) and a dispersion of about 18° from A to 
H. The eye telescope is carried over the spectrum by a tan- 
gent screw, but all determinations of the positions of lines 
have to be made by a micrometer in the eye-piece. The instru- 
ment is provided with an arrangement for throwing an air 
spectrum formed between platinum wires by the spark from an 
induction coil, into the field of view along side of the spectrum 
under observation. 

While the eclipse was coming on, special attention was 
directed to the moon’s limb, in order to detect if possible indi- 
cations of an atmosphere. The results were solely and re- 
markably negative. The dark lines of the solar spectrum 
came up squarely and exactly to the moon’s limb without the 
slightest curvature or distortion, whether the slit was tangent 
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or perpendicular to it. The contrast in appearance between 
the limb of the sun and that of the moon was very striking. 
When the image of the sun’s limb was brought to the middle 
of the slit the line of demarkation between the bright and dark 
portions of the spectrum was always more or less hazy, how- 
ever carefully the instrument might be put in focus ; different 
portions of the limb also differed very much from each other 
in this respect, some being far less sharp than others ; but 
when the moon’s limb was similarly placed it was as sharp 
as could have been drawn with a pen. Of course the cloud- 
like nature of the solar photosphere accounts for its com- 
paratively indefinite outline.* Secchi’s continuous spectrum at 
the edge of the sun I have never seen ; the stratum which 
produces it (if there is such a stratum) must have a thickness 
little if at all exceeding 1". During the totality there was in 
the field of the spectroscope a faint continuous spectrum, un- 
doubtedly from the corona, without any visible traces of dark 
lines ; a fact rather surprising, considering the polarization of 
this light, which was so complete that when the axis of a tour-r 
maline, held in the hand over the eye-piece, was placed parallel 
to the limb of the sun the faint spectrum nearly vanished. 

Upon this spectrum were superposed a number of bright 
lines when the image of a prominence was thrown upon the 
slit. Nine of them were seen by me, viz. : C, K , 1017.5 (near 
D) and which for convenience I will refer to as the D s line ; a 
faint line near 1250 K (by estimation), another faint line about 
K 1350 (also by estimation), a conspicuous line K 1474 (3503 
of my scale) just beloVr E y F; a pretty conspicuous line at K 
2605 2 (by measures), K 2796, just below (7, and h . I 

did not see any line at 5, but presumed was passed over 
without proper examination in the manner I will presently ex- 
plain. There can be no doubt I think, that it was conspicu- 
ous enough in the great prominence on the W edge of the sun, 
as seen by others. But in sweeping along the spectrum with 
my tangent screw beginning at <7, I noticed on coming to the 
1474 line that it extended dear across the spectrum which was 
not the case with the C and D lines, since the protuberance on 

•This polarization may have been produced, as suggested by Prof. Pickering, 
bv the successive refractions at the faces of the prisms. 
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the SE limb then on the slit only had a height of about 1£'. 
(The slit is 2' 54" in length.) This fact at once arrested atten- 
tion and led to the suspicion that this line, IT, 1474 (which I 
first noticed in July, and described in the last number of the 
Journal of the “ Franklin Institute,” published a few days be- 
fore the eclipse) was not a protuberance line at all, but due to 
the corona; and on moving the slit of the instrument entirely 
off from the protuberance this line remained, while the golden 
Z> 3 line disappeared. 

It now became necessary, on account of the moon’s advance, 
to bring the other side of the sun’s image to the slit by the right- 
ascension screw ; and I imagine that while the assistant was 
doing this I continued to carry along the spectroscope-tele- 
scope by its tangent screw, thus passing over the region of 6, 
while the telescope was pointed nowhere in particular. But I 
am ashamed to say that I have no recollection at all about it, 
nor can I recall distinctly the behavior of the two faint lines 
between D and E , though my strong impression, as recorded 
immediately after the eclipse, was that they also were, like 
1474, corona lines. The line iT, 2602, had its position deter- 
mined by micrometrical reference to iT, 2796, and just as that 
measurement was completed the sun came out, and all the 
new lines, not previously observed in frill sunlight, instantly 
disappeared. The feeling of chagrin and surprise at thus be- 
ing cut short was almost overpowering — the sense of wasted 
opportunity and personal imbecility. No line was seen at K, 
660, below C, where I have twice before seen and measured one. 
I saw nothing of the difference between the spectra of the dif- 
ferent prominences reported by some of the observers, but as I 
observed one part of the spectrum with one prominence in the 
slit, and the rest with another, it need not be wondered at. 
While the great dispersive power of my instrument gave great 
advantage for the observation of faint lines, and the accurate 
determination of position ; it had also great disadvantages in 
the smallness of the field, and the time required for an explora- 
tion of the whole spectrum. 

But I wish to call the special attention of the section to 
another point in this connection. The line it, 1474, in the 
corona spectrum coincides with a line in the spectrum of the 
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Aurora Borealis reported, by Prof. Winlock, in the last number 
of “Silliman’s Journal,” at 1550 of Huggins* scale, as nearly 
as I can determine by the comparisons of the two scales given 
in Prof. Gibbs* recent paper on wave lengths by the method of 
comparison. If the lines do not absolutely coincide, the dis- 
tance between them can hardly equal one division of either 
scale. The first Aurora Borealis will enable any one, with a 
spectroscope, to settle the matter accurately by measuring the 
distance from b (produced by burning a bit of magnesium 
before the slit) to this line. I have been very much disap- 
pointed at not having had an opportunity to do this before 
reading this paper. Furthermore, two other of the five Aurora 
lines reported by Prof. Winlock, viz. : 1280 and 1400 of Hug- 
gins* scale agree, fully within the limits of error, with the two 
faint lines between D and J E, which I suppose are also corona 
lines. Taking these facts in connection with the peculiar radi- 
ating structure of the corona and some of the prominences, 
and their rapid changes of form and brilliancy, does it not be- 
come very probable that our own Aurora Borealis, and these 
wonderful emanations from the sun are kindred, if not identi- 
cal pheonomena ? 

Possibly, hereafter, spectroscopic observation of the promi- 
nences, and of the intensity of this corona line, which though 
rather difficult in my instrument could be easily observed with 
one of higher dispersive power, may lead to farther light when 
combined with magnetic observations. 

This line is given by both Kirchoff and Angstrom as an iron 
line, though faint and very close to two other much more con- 
spicuous lines produced by the same substance ; the same is also 
probably true in respect to the two other lines of the corona, 
which appear to coincide with lines given as iron on the charts. 
It is certainly worth inquiry if there is not some misconception 
in this, and whether, since iron can scarcely be conceived to 
exist in a gaseous state in those terrestrial regions where the 
Aurora Borealis resides, it may not always have associated 
with it some other substance, which also can exist separately 
as a gas of inconceivable tenuity. But this belongs to the 
chemists. 

I ought to add here, that since the preparation of this paper 
a. a. a. s. vol. xvm. 11 
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Prof. Winlock has informed me that he has thought of, and 
published, the same idea as to the probable identity of our 
Aurora and the Corona, though not based on any comparison 
of spectra. 


2. On a New Method of Observing the First Contact 
of the Moon with the Sun’s Limb at a Solar 
Eclipse by means of the Spectroscope. By C. A. 
Young, of Hanover, N. H. 

At the recent solar eclipse, observed by the writer at Bur- 
lington, Iowa, as a member of the party, under the direction of 
Prof. Coffin, Superintendent of the American Nautical Alma- 
nac, the instant of the first contact was determined by means 
of the spectroscope, in a manner which is believed to be 
entirely novel and to admit of much greater accuracy than has 
ever been attainable heretofore in this kind of observation. 

In the instrument employed, a telescope of four inches aper- 
ture and about thirty inches focal length (a so-called comet- 
seeker) was arranged to throw an image of the sun about two 
inches in diameter upon the slit of the spectroscope. The slit 
is one-eighth of an inch long ; its width adjustable. A circu- 
lar plate of brass about two and a half inches in diameter, 
with a hole also one-eighth of an inch in diameter at its centre, 
was attached by a hinge in such a manner that it could be 
turned down over the slit ; it was covered with paper and grad- 
uated by radiating lines into angles of 10°, and furnished the 
means of bringing on the slit the portion of the sun’s limb 
which was indicated by calculation as the point of contact. 

A train of five flint glass prisms, with refracting angles of 
45° formed the spectrum which was viewed by a telescope of 
two and a quarter inches aperture (the same as the col- 
limator) and about seventeen focal length, with a magnifying 
power of eighteen. The spectrum, referred to the limit of dis- 
tinct vision, was about one and three-fourth inches wide by 
four feet long. The whole arrangement was mounted equator- 
ially, with slow motion screws, etc. I have been somewhat 
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particular in describing the instrument as it is likely the 
method about to be presented for your consideration might 
prove impracticable with a single prism instrument. High 
dispersive power is neceessary. The equatorial mounting is 
also important. 

When now the image of the sun’s limb is made to bisect 
the slit at right angles or nearly so, the spectrum will present 
something the appearance indicated in the diagram. One-half 
(formed by the sun) will be brilliant, the other will be com- 
paratively dark, being formed mostly by the light reflected 
from the air in the sun’s immediate neighborhood. The spec- 
trum of the sun’s chromosphere, however, is superposed upon 
the air spectrum and becomes visible in certain bright lines, 
especially the C line, which is by far the most easily observa- 
ble ; and the effect is this : most of the dark lines extend 
clear across both portions of the spectrum, the dusky as 
well as the brilliant ; not so with the C line. This is intensely 
black on the brilliant portion of the spectrum, but is continued 
in the dusk}’ portion by a little needle of brilliant red light, of 
a length ranging in my instrument from an eighth of an inch 
upwards. When a protuberance is in the slit it often reaches 
clear across, but generally is not more than a quarter of an 
inch long. In other words, the C line instead of simply ex- 
tending across the whole spectrum like the other lines, has a 
portion of its length, beginning at the boundary between the 
bright and dusky portions and extending into the dusky por- 
tions, replaced by a bright line. This bright line is usually 
somewhat pointed at the outer end. 

Now suppose that the portion of the limb on the slit is that 
where the moon is to strike. As the depth of the chromo- 
sphere is seldom less than ten to fifteen seconds of arc, the 
moon will reach its outer edge some twenty or thirty seconds 
before the time of true contact with the sun’s limb, and the ob- 
server will see the little red needle which I have described; 
first squarely truncated, — its point cut off — and then gradu- 
ally and steadily shortened until at the instant of actual con- 
tact it disappears, and the C line becomes exactly like its 
neighbors. The observation in this way is as easy and certain 
as that of the transit of a moderately slow star. I do not 
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think an error of more than half a second possible with reason- 
able care, and it ought to be less. 

At the eclipse of August 7, 1 saw in the manner I have de- 
scribed, the moon’s approach to the sun’s limb, and noted its 
contact about five seconds earlier than any of those who were 
observing by the ordinary methods, and differed among them- 
selves some ten seconds. I have been much gratified also to 
learn from Prof. Mayer, who had charge of the photographic 
operations of our party, that the time of first contact, deduced 
by measurement and computation from a photograph taken as 
soon as possible after the contact had been signalled to him 
from the other observers, agrees with my own observation 
within three-tenths of a second. 

The same method would of course apply with slight modifi- 
cations, to the observation of the other contacts, but I am not 
aware that it presents any advantage over the older methods. 

I desire to call special attention to the applicability of this 
method in the approaching Transits of Venus. Undoubtedly 
the atmosphere of the planet, and irradiation will interfere 
with its accuracy to some extent, but I think no more than 
with other methods, and it must certainly be much to the 
observer’s advantage to be able thus to perceive , if he cannot 
be properly said to see, the planet before she strikes the sun, 
and watch her approach. 

At the internal contact also, I think the sudden formation ot 
a long horizontal line of light extending the whole length of 
the spectrum would be a much better phenomenon to observe 
accurately than the rupture of the black ligament, about which 
so much has been said in this connection. 

I cannot help feeling that this method of observation ought 
to be provided for in any expeditions that may be sent out to 
observe the Transits.* 

•Having lately received the volume of the Comptca Rendus of the French Acad- 
emy of Sciences for the first half of the current year, I find that I have been antici- 
pated by M. Faye in respect to this method of observing the contact of an opaque 
body with the disc of the sun. At the session of Monday, January 11th, 1869, in a 
discussion upon the observation of the coming transit of Venus, he proposed 
essentially the same use of the spectroscope which I have described in the foregoing 
article. 
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3. Observations on the Eclipse, with an Arago’s Polari- 
scope at Mt. Pleasant, Iowa. By Edward C. Pick- 
ering, of Boston, Mass. 

Observations of previous eclipses have led to the belief that 
the light of the corona is polarized in planes passing through 
the centre of the sun, and therefore that it shone by reflected 
light. It was with the expectation of verifying these views 
that I prepared an Arago's polariscope to observe the recent 
eclipse. This instrument consists of a tube closed at one end 
by a double image prism of Iceland spar, and at the other by a 
plate of quartz. Looking through the spar we see two images 
of the quartz of complementary colors (in this case blue and 
orange) when the light is polarized. Although this polar- 
iscope is somewhat less delicate than that of Savart, yet it 
enables us to determine the condition of the light emanating 
from every part of an object, by noting the color of its image. 
If, now, the corona was polarized as above described, in one 
image the upper and lower parts would be blue, those on the 
right and left yellow; while in the other image these colors 
would be reversed, the yellow above and below, and the blue 
on the sides. In reality the two images were precisely alike, 
and colorless . But one was on a blue, the other on a yellow 
background. Consequently the corona was not polarized. 
This does not prove that the corona is self-luminous, as the 
light reflected by the clouds is unpolarized, and in general 
polarization is produced by specular, and not by diffuse reflec- 
tion. The colored background proves that the sky close to the 
corona was strongly polarized in a plane which was independ- 
ent of the position of the sun, since it was the same on all 
sides of it. 

The following explanation of this curious effect is suggested. 
The earth beyond the limits of the shadow is strongly illumi- 
nated and acts as an independent source of light. The reflec- 
tion of its light by the sky, would produce the effect just 
described. 

The corona was also examined by a double image prism of 
spar, and by this, also, was seen to be unpolarized. 
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IV. ELECTRICITY. 

1. Causes of the Failure of Lightning Rods. By James 
Bushee, of Worcester, Mass. 

Perhaps few subjects can be deemed of greater practical in- 
terest to the public than that of protecting life and property 
from the effects of atmospheric electricity. 

Since the time of Franklin, the well known metallic rods 
have been used in this and other countries, as a means of se- 
curity, and scientific men have very generally, if not univer- 
sally, acknowledged their utility, when the laws of electricity 
are properly regarded. 

In this section of New England,* thunder storms are com- 
mon during the summer, and sometimes very violent, while 
certain localities seem to be more especially exposed to fre- 
quent and powerful electric discharges. 

In some casual observations of the effects of lightning, my 
attention was called to the significant fact that a large majority 
of the buildings injured by lightning had rods attached to 
them for the purpose of protection. 

Instances were not unfrequent where dwelling houses, with 
rods, were u stncck ” and damaged, while those in the immedi- 
ate vicinity, without rods, escaped unharmed ; sometimes houses 
with no rods have stood many years uninjured, but soon after 
the application of rods they have been struck by lightning. 

Such facts have led some candid and intelligent persons to 
doubt the efficiency of lightning conductors, while others have 
been induced to reject them altogether as wrong in principle 
and dangerous in practice. But error in the interpretation of 
phenomana, or in the application of a scientific truth, does not 
invalidate the integrity of the principle itself. The fundamen- 
tal idea of Franklin is doubtless correct, and the unfavorable 
results so often witnessed are but the legitimate fruits of 
wrong application. If so it is evident the cause of failure 
lies in defects which have a potential remedy, and that too in 
the truthfulness of the very law which is often unjustly made 
* Worcester, Mass. 
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responsible for consequences — for the evils invariably disap- 
pear just in proportion as we are enabled to fulfil the highest 
conditions of that law. 

What then is the cause of the many casualties from light- 
ning where rods are used ? 

With the view of meeting this enquiry I have made it a 
special point for several years past to examine, as carefblly as 
I could, the principal accidents which have come to my knowl- 
edge in Worcester and vicinity; also various cases of interest 
in other localities. 

From obvious results of observation it appears: — 1. That 
buildings have been struck in numerous instances, and more or 
less damaged, with all the different kinds of rods commonly 
used in New England, irrespective of form, style or material — 
whether of iron or copper — not, however, that all are equally 
defective, or that all are constructed with equal fidelity and 
scientific skill, but none have completely fulfilled the object in- 
tended. 2. That the leading defects of rods in general, and 
the cause of failure to protect buildings, are due, in part, to 
their construction and arrangement, but principally to their im- 
perfect connection with the ground , and the inadequate conduct- 
ing power of the materials with which the rod comes in contact . 

As regards the construction and application of the rod the 
directions usually given by good writers on the subject are all, 
perhaps, that could be desired, if they were properly observed 
by constructors ; but first principles are too often sadly over- 
looked in the outset — besides the rod is liable to become de- 
fective by long neglect. The joints should be kept in perfect 
contact to preserve the entire continuity of the conductor. If 
the rod is badly rusted, especially the part connected with the 
ground, its capacity for conveying a heavy charge is materially 
impaired. When the tip of the rod becomes oxidated and 
blunt the charge is liable to become more sudden and disrup- 
tive, whereas a sharp and perfect point receives the electricity 
gradually and begins to effect a discharge at a greater distance, 
giving time for the whole charge to be harmlessly conveyed to 
the earth. 

Short crooks towards the building, and abrupt changes in 
the size or conductivity of the rod, tend to induce lateral dis- 
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charges. The rod should not diminish in size or capacity from 
the top downwards, but rather increase in conducting power as 
the charge descends. 

An objectionable feature in the application of the rod ap- 
pears where two or more receiving points are erected upon the 
roof, and terminated in a single rod extending to the ground, 
or where the rod is turned upward from the point, over some 
higher parts of the roof, even higher than the point itself. 

In such cases it is found that the lateral discharge usually 
takes place at the lowest point of the bend, or at the point of 
junction whete two or more rods terminate in one. 

Independent of any hypothesis, as 'to the nature of electri- 
city or its mode of action; whether any distinct fluid ever 
passes up or down the rod in case of a thunder storm ; or 
whether all the effects witnessed are due simply to induction 
and polarization, there is no less actuality and power in its op- 
eration. The agency with which we have to deal is no less real 
or tangible in its effects. We may therefore regard electrical 
phenomena as the result of a dynamic force which bears a strik- 
ing analogy, in some respects, to other forces that are governed 
by well known dynamic laws. So far then, as this analogy 
holds, it may lend some aid in forming correct conclusions. 

Suppose for example a rod has two arms, or branches, 
erected perhaps upon the chimneys of a house, and forming a 
connection with the main rod somewhere on the roof ; and sup- 
pose, also, that the electric force is conceived to act from the 
top downwards, requiring time for its transmission through the 
rod. Now should a heavy charge be received at the same time 
upon both arms of the rod, the two electric forces pursuing 
the irrespective channels of conduction, rush together at the 
point of junction, where, for an instant, the intensity is greatly 
increased, while the single rod below this point being no larger 
than either branch, and having but half the conducting power 
of both, is unable to carry the double charge so suddenly im- 
posed upon it, and hence a portion of the burden is forced to 
seek an unnatural channel of escape through the building. 

A moderate charge even, which the capacity of the rod might 
easily convey, under favorable circumstances, may became so 
intensified at certain points, by a sudden augmentation of elec- 
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tricity — as by the meeting of opposite currents, or an abrupt 
reduction of conductivity — that a lateral discharge would en- 
sue before requisite time could elapse for the electric force to 
adjust itself to the new condition of things. This arrange- 
ment appears to be equivalent to reducing at once the conduct- 
ing power of the rod to half its former dimensions.* 

The second and principal cause of failure is due to the defec- 
tive mode of connecting the rod with the ground; the inadequate 
means provided for the escape of the charge from the conductor 
into the earth . 

It is a common practice to run the rod into the ground from 
four to six feet, or until it is supposed to reach the moist earth, 
and this is generally considered quite sufficient for all practical 
purposes, and the numerous agents employed by different 
manufacturing companies to supply rods throughout the coun- 
try, seem to believe that when thus much is done their duty is 
fully accomplished, and that the rod can then be left, in good 
faith, as a safe and reliable protection. 

It is well known that loam, sand and gravel, are compara- 
tively poor conductors of electricity, and experience proves 
that these materials, in the ordinary modes of fitting the rod, 
furnish very inadequate means of conveying a heavy charge to 
the earth. 

There is generally no enlargement or extension of surface 
where the conductor enters the ground, but merely a continua- 
tion of the same rod used on the building, thus presenting a 
very limited surface to partial contact with imperfect conduct- 
ing materials. It is true a light charge under such circum- 
stance may be safely carried away, but when the cloud furnishes 
a copious supply of electricity and the point is in a perfect 
condition, the rod receives the charge with great facility, and 
if its passage to the earth is opposed by inferior conductors, a 
disruptive discharge through some part of the building would 
naturally follow. 

•The defects of this arrangement, so far as the above remarks are designed to 
be more especially applicable, appear more prominent when other defects exist ; 
when the tip of the rod is imperfect, and the charge enters upon it more or less 
abruptly, or when the resistance at the earth prevents a free escape of the charge. 
If the rod were in a perfect condition, in other respects, accidents from this con- 
struction would perhaps rarely if ever occur. 

A. A. A. S. VOL. XVm. 12 
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If the rod were perfectly insulated it would receive the elec- 
tricity as before, but in this case the whole charge would leave 
the rod by an explosive discharge. Again were the rod par- 
tially insulated, that is connected with the earth by poor con- 
ductors, then a part of the charge would be gradually and 
silently transmitted through these conductors while the surplus 
would escape by explosion; 

The relative power of the point to receive, and of the ma- 
terial connected with the rod to impart electricity, is a practical 
question in its bearing on this subject, and worthy of more 
carefUl attention than it has generally received. 

Where the resistance is very considerable, as it always must 
be when the rod is merely inserted in the ground as usual, the 
points receive electricity from the clouds with greater freedom 
than it is discharged to the earth, and the liability of accident 
increases in proportion as the receiving power of the rod ex- 
ceeds the discharging power. A way is opened through the 
pointed conductor for a free passage of electricity from the 
cloud to the rod, but the channel of escape to the earth is prac- 
tically closed. 

The rod thus becomes, so to speak, a reservoir of intense 
electric force, and when the tension is increased beyond certain 
limits the surplus charge, yielding unwilling obedience to forced 
circumstances, breaks away from its proper channel.* 

In such cases the tip of the rod is often burned or fused, the 
glass insulators, if such are used, broken and thrown from their 
places, and frequently the ground where the rod enters more 
or less disturbed and torn up. 

The point of lateral discharge may be determined by various 
circumstances ; — by a short bend in the rod towards the build- 
ing ; by the junction of two or more branches of the rod ; by 
the near approach of a good conductor, as a bell wire, or gas 
pipe, etc. ; stove pipes, iron ware, etc., stowed away near 
where the rod passes. 

These remote influences, however, must not be mistaken for 
the primary cause of the casuality. In case of the explosion 

*This condition of the rod may be conceived, as somewhat analogous to the 
hose of an hydraulic engine, with a forcing pump plying at one end whUe the 
other end, instead of admitting a Dree outlet for the water, is firmly closed except 
some lateral apertures. 
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of a steam boiler, under extreme pressure, the slightest irregu- 
larity in the uniform thickness or strength of the boiler would 
be sufficient to determine the point of rupture. So when a 
lightning conductor is subjected to all the charge it can bear, 
in consequence of resistance at the earth, a very slight circum- 
stance would turn the balance of force in favor of a lateral dis- 
charge. 

There is, indeed, good reason to believe that nine-tenths of 
the cases noticed, where the rod has failed to accomplish its 
purpose, are really due to an overcharge , caused by the resist- 
ance of the passage of electricity into the earth . 

In the most severe disasters the rod is invariably found to 
be very imperfectly connected with the ground, being usually 
much oxidated, and often extending not more than two or 
three feet into dry earth, or into sand or gravel nearly dry, by 
which its conducting communication with the ground is almost 
entirely destroyed. 

But the general effects are observed to be less and less 
marked, as the condition of the rod is improved and resistance 
to a free exit of the charge diminished. 

There are three kinds of rods very common in New England, 
viz. : Lyon’s Patent Copper Rod, the North American Light- 
ning Rod — galvanized iron, and the Quimby Rod, made of 
small nail rods in their rough state. 

Perhaps a less proportion of serious accidents have occurred 
with Lyon’s rod than with either of the others mentioned, yet 
more than eighty cases of this rod have been reported from 
Worcester county alone, where slight damage occurred, or more 
or less evidence appeared that a charge had passed the rod. 

Sometimes the scorching or burning of leaves and grass near 
the rod would be the only traces of electricity visible. In other 
cases the ground about the rod would be more or less disturbed 
and tom up, or the house perhaps slightly injured by a charge 
passing on to the sill, tearing off some clapboards, splitting the 
timber, and finally disappearing in the cellar or making its es- 
cape outside through a pool of water left by the recent shower. 

Such phenomena are of very frequent occurrence, and clearly 
point to the same ultimate cause of disaster — the ground re- 
sistance. 

In these cases the rod seemed to perform its functions so far 
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as it could. The charge was conveyed from the clouds to the 
earth but was arrested in its progress into the earth, and in 
forcing a passage to better conductors produced the effects ob- 
served. 

The tendency of a charge to leave the rod is greater at or 
near the point of greatest resistence, and the various effects of 
an overcharge, so very generally exhibited at the lower portion 
of the rod, sufficiently indicate the primary source of failure. 
While it is quite unnecessary to detail individual cases for the 
sake of farther illustration, a single instance of remarkable 
mechanical effect upon the rod may be briefly stated. 

Lyon’s patent consists of a copper ribbon so folded or 
crimped that the cross section forms an S, The rod is then 
twisted once in twelve or fifteen inches in order to give it 
greater firmness. 

In the summer of 1859 this rod was placed upon a new 
house in North Brookfield, Mass., and was terminated in the 
embankment formed by sand and gravel thrown out of the cel- 
lar, but was not carried deep enough to reach the original soil. 
During the summer this gravel, so far as the rod penetrated, 
became very dry, and in this condition the rod was subjected 
to a severe charge of electricity. The consequence was the 
twist was completely taken out of the rod throughout its entire 
length, and the folds or flanges brought firmly together as if by 
the force of a hammer or the pressure of heavy rollers. The 
charge escaped where the rod entered the ground, throwing up 
large quantities of dry earth and making a deep furrow some 
fifteen or twenty feet in length, as if a large plow had passed 
through the ground. The house remained uninjured, no part of 
the charge having left the rod till it reached the earth. This 
indeed is an extreme case, and so far as I know unparalleled in 
some of its effect, yet it is but a more forcible illustration of 
the point in question — the ground resistance . Here is the 
main idea designed to be brought out in this part of my paper, 
and the prominent cause, no doubt, of the numerous casualties 
so dishonorable to the confidence and good faith which light- 
ning rods should justly merit. 

It now remains to consider the best means of removing the 
“ cause of the failure of lightning rods.” This will form the 
subject of another paper. 
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2. Conditions of a Perfect Lightning Hod. By James 
Bushee, of Worcester, Mass. 

While considering the defects of a lightning rod in a former 
paper, the necessary conditions of a perfect security have been 
in some degree anticipated. 

A rod performs its functions when it conveys the heaviest 
charge from the cloud to the earth without sensible effects ; 
but in order to remove all liability of accident it should be 
capable of doing more than this. 

No machine can be worked to its utmost capacity without 
hazard. The rod should always have some working capacity 
in reserve. The whole charge ought to pass to the earth with 
such perfect freedom as to avoid high intensity in any part of 
tiie rod, thus rendering a lateral discharge impossible, or ex 
tremely improbable. 

If the earth were a perfect conductor of electricity nothing 
more would be necessary to secure the requisite conditions 
than simply to connect the rod with the ground. But since 
there is a wide contrast between the conducting power of the 
earth and that of the rod, and since this affords sufficient 
cause, as proved by observation and experiment, to obstruct 
and divert the charge, or a portion of the charge, from its 
proper channel, it follows that the elements of a perfect rod 
can only be secured by removing all obstructions from the 
direct pathway of the charge. 

While absolute perfection is doubtless, from the nature of 
the case, impossible, a near approximation is easily attainable, 
limply by taking advantage of the extensive ranges of metallic 
gas pipes and water pipes, with which our cities and large 
towns are supplied. These, no doubt, afford the best means at 
command, of forming a perfect connection with the ground, 
and of placing the rod in a condition to perform its proper 
functions. And this can be done without the least possible 
injury to the pipes or danger to the persons connected with 
them. A good rod in proper contact with such pipes freely 
imparts to them the most powerful charge, which becomes 
highly diffused as it expands over an extended range of sur- 
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face contact, where the electricity easily makes its escape into 
the earth, thus restoring equilibrium with so little resistance, 
that the desired object may be regarded as completely at- 
tained, so far as all practical purposes are concerned. 

Since accidents, in relation to these pipes, have sometimes 
occurred from lightning there seems to be a strong prejudice, 
in the minds of some, against connecting the rods in this way. 
Such prejudice, however, appears to arise from not making 
proper distinction between a gradual and silent discharge 
through the medium of a pointed conductor, and a sudden or 
disruptive discharge attended by explosion, as when, in popular 
language, lightning is said to “strike” an object. 

All the cases which have come to my knowledge where the 
pipes have been damaged or persons injured, are those of dis- 
ruptive discharge , in which the pipes were struck when the 
whole charge, after passing explosively through some non- 
conductor, rushed upon the pipes at once, producing widely 
different results from anything ever observed in a gradual dis- 
charge through the agency of points. 

The effects of a disruptive discharge upon the pipes may be 
various, according to oircumstances. The joints, if connected 
by an inferior conductor, as lead for instance, may be injured 
in consequence of sudden resistance,* while a portion of the 
charge, perhaps, not having time sufficient for dispersion and 
escape, flashes up the gas burners in the immediate vicinity, 
with sufficient force, perhaps, to give severe or even fatal 
shocks to persons near them.f But nothing of this kind can 

♦A case of this kind occurred at New Haven a few years since, and noticed by 
Professor SilUman at the Springfield meeting of this Association. 

The joints of these pipes were made tight by sheet lead, which was melted out 
for a considerable distance by a shock of electricity. 

fThe rector of St. James Church, Bemon Smithfield, R. I., received a shock 
from the gas-burner, while sitting in his study, July, 1800, which caused his death 
a few months afterwards. 

The church was near the rector’s house, and the lightning rod attached to the 
steeple terminated in nearly dry sand or gravel. A heavy charge passed down the 
rod to within about ten feet of the ground, when a lateral discharge was forced 
through a portion of the building to the nearest gas-pipe, producing much damage 
to the house and the other effects above mentioned. Also several other persons in 
the different neighboring houses felt more or less of the shock at the same time. 
Had the rods of the church been connected directly with the gas-pipes I believe 
the charge would have been carried off with perfect safety to all, and no one would 
have experienced any sensible evidence that a charge had passed the rod. 
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possibly occur when the charge is received through a pointed 
conductor properly connected with the pipes. 

In the former case the charge bursts from the cloud at once 
and dashes upon the object, as it were, with concentrated force, 
producing the well known effects of a “ stroke of lightning.” 

In the latter, like a continuous stream of water from a foun- 
tain, the cloud pours out its electricity upon the rod, gradually 
from which it is promptly conveyed to the earth as harmlessly 
as it was received. When a mill-dam, confining a large pond 
or reservoir, suddenly breaks away the water rushes out with 
great violence, overflowing the banks of the stream, carrying 
off bridges, and sweeping away everything in its course. 

This is analogous to a disruptive discharge of electricity. 
Bat when the reservoir is drawn off gradually , through a proper 
gateway, the water is confined within the banks of its own 
natural channel, and quietly pursues its course to the ocean. 
This resembles a gradual discharge of electricity by a pointed 
conductor, when the long ranges of metallic pipes serve as 
safe channels of conveyance into the earth. And we have no 
more real cause to apprehend danger in one case than in the 
other. 

When such pipes are not accessible, a well, spring, or per- 
manent stream of water affords, perhaps, the next best means 
of forming a connection with the ground. Water furnishes a 
much more perfect contact with the rod than earth and gravel, 
and being a much better conductor than these, it is usually re- 
garded as a safe and reliable mode of applying the rod, to 
terminate it in a well or spring of water. And this idea is 
doubtless correct in general, but a well may be so situated on 
a bed of clay, or in a ledge of rock, that resistance would 
sometimes be sufficient to cause lateral discharge. It is to the 
difference between the receiving power and the discharging 
power of the rod that we are to look for accidents, rather than 
to the absolute conductivity of the rod as compared with water 
or other substances with which the rod may be in immediate 
contact. 

The rod may sometimes be connected with a good conductor, 
which may itself be partially insulated from the general con- 
ducting medium of the earth by certain geological conditions. 
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That a lightning rod will receive a charge of electricity 
with greater facility than a well of w^ter — under the circum- 
stances mentioned, disposes of it — seems to be proved by the 
fact that a portion of the charge which had descended the rod 
to the water, has been known to pass up the lead pipe of the 
pump into the house and do serious injury.* 

It would not always be safe, therefore, to terminate a light- 
ning rod in a well which is connected by metallic pipes with the 
domestic departments. 

A common water cistern also famishes an unsafe mode of 
terminating the rod, since the brick and cement ordinarily 
used offers very considerable resistance to electricity. It is 
for this reason, no doubt, that cisterns are frequently exploded 
by a charge of electricity communicated through metallic water 
pipes connecting the eave trough with the cistern. 

When neither of these modes of connection is practicable, 
something more is necessary to insure safety than the very 
common way of simply inserting the rod a few feet into the 
ground, which often becomes very dry during the heat of sum- 
mer, the time when thunder storms are most frequent and pro- 
tection the more needed. 

Yet it is probably true that three-fourths, if not seven- 
eighths of the lightning rods in the country terminate in this 
manner. 

When we consider the great want of fidelity, and of a 
thorough practical knowledge of the subject, so often mani- 
fested on the part of the agents or contractors, and the equally 
apparent want of care and attention on the part of those whose 
deepest interest is involved, it is not surprising that the record 
of casualties in Worcester county discloses the remarkable fact 
that a large majority of the buildings damaged by lightning are 
those having rods attached to them. 

So little attention has generally been given to the proper 
connection of the rod with the ground, so little importance at- 

*The editor of the Woonsocket Patriot (S. S. Foss), states, that the lightning 
rods of his house run into a well in the cellar, which is located on a ledge of rock, 
and in the summer of 1808 , during a violent thunder storm, one of his domestice 
received a severe shock from a pump connected with the well by lead pipe. He 
also states that on examination he found the water low in the well, but the rod ex- 
tended below the surface of the water some distance at the time of the accident. 
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tached to the necessary conditions upon which the efficiency of 
the rod depends, the free exit of the charge, that instances are 
Dot wanting where rods have been erected upon public build- 
ings without the least apparent regard to the conducting powfer 
of the materials with which the rod was connected, and with as 
little thought of the means by which it was to fulfil its proper 
functions.* 

The numerous accidents which are constantly presenting 
themselves, where rods are concerned, sufficiently indicate 
either a very mistaken idea of the necessary conditions of 
safety, or an unpardonable neglect in carrying out those condi- 
tions. 

I have sometimes found but one small rod connecting the 
roof of a dwelling house with the ground, and that extending 
only two or three feet into nearly dry gravel. 

In such a case the rod is worse than useless ; for instead of 
protection the most effectual means are unwittingly used to 
invite into the house the first charge of electricity that chances 
to pass the rod. 

The various kinds of soil with which the rod is liable to be 
connected are widely different in conducting capacity, and in 
deciding the reliability of the rod it becomes important to de- 
termine the conductivity of the ground as modified by geo- 
logical character and physical condition; and this may be 
easily done so far as it practically affects the object of the 
rod by measuring the resistance the earth offers to the pas- 
sage of an electric current through the rod after it is placed in 
position. 

But probably no kind of soil, even under the most favorable 
conditions, possesses sufficient conducting capacity to insure 
safety while in the ordinary state of moisture, and simply in 
contact with a small rod. I repeat then some other course 
must be adopted ; and here I have nothing better to offer than 
to urge the necessity of carrying out in general practice the 
directions usually given by good writers on the subject, but 

•When one of the largest churches In this city was first famished with lightning 
rods, the main rod attached to the spire was allowed, it is said, to terminate in a 
boulder of granite, in which a hole was drilled for the purpose. This was done 
with the impression, if I mistake not/ that the solid rock would be more than a 
“match” for the lightning. 

A. A. A. 8 . VOL. XVIII. 13 
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which are almost universally neglected in this country,* viz. : 
to enlarge the surface of the rod in the ground by attaching to 
it a plate of copper which should extend to a sufficient depth 
to reach permanent moisture and then be surrounded by a lib- 
eral quantity of fine charcoal which is a good conductor. 

For convenience the plate may be turned out from the build- 
ing horizontally to any distance it may be found necessary. 
No definite directions of general application can be given as to 
the size of the plate or its depth below the surface, since the 
circumstances are so very different in different localities. What 
would be entirely sufficient for one place would not answer for 
another. The capacity of the plate and connection with mois- 
ture should be such as to remove all undue resistance, and this 
must be determined experimentally for each particular locality. 
In this arrangement the deficiency of conducting power is com- 
pensated by increasing the surface contact with the ground, on 
the principle that a greater number of poor conductors may be 
equivalent in efficiency to a less number of better conductors. 

But buildings may sometimes be located where circumstan- 
ces of some nature render it impracticable to carry out any of 
the methods proposed so as to form a proper ground connec- 
tion. In such cases points may be used ojs an efficient means 
of relieving the rod so as to prevent a disruptive discharge. 
The rod may be famished with several short points directed 
from the building, and its lower extremity connected with a 
copper ribbon which should have all the advantage of ground 
connection circumstances will allow, and extend considerable 
distance from the building (twenty to forty feet) , terminating 
in a short rod with points at top and also near the ground. 
These lower points serve the double purpose, first, of exhaust- 
ing surcharged atmosphere near the surface, and second, of 
dissipating and weakening a charge from the clouds. 

I see no reason to doubt that [any portion of the charge 
which may not have been conveyed into the earth by conduc- 
tion would be dispersed by convection without surcharging the 
rod. The objection may here arise, that the lower points by 

•The prevalent defective mode of making the ground connections, probably 
obtained on the score of economy ; but that is very poor economy which neglects 
the absolute conditions of safety and incurs the first expense of the rod merely to 
expose the house to greater danger than before. 
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imparting the electricity to the atmosphere do not effect a 
positive discharge — that the charge is merely transferred from 
one locality to another, even nearer the house than before, and 
perhaps exposing it and other buildings in the vicinity, to still 
greater danger. 

But I think it must be conceded that such a transfer could 
hardly be made without, at least, a decided loss of electric 
force. Indeed every leaf twig and blade of grass, within the 
influence of the charge becomes so many little lightning rods 
to convey it into the earth. 

Furthermore should a surplus, from any cause, tend to pre- 
ponderate in the manner supposed, the very points which im- 
parted it would be as ready to receive and convey it through 
the rod into the earth, or at least a portion of it, while the resi- 
dual may ascend the rod and be imparted to the atmosphere 
above, and possibly several such transfers may take place even 
within a very short interval of time, yet weakening, in force /at 
every vibration, until compensation should be restored. 

In regard to houses with metallic roofing, it is supposed by 
some that they are not so liable to be struck by lightning as 
other houses under similar circumstances — that such a roof 
serves, in some way, as a shield of protection against the 
effects of lightning, but no good reason appears for such a sup- 
position. It is very probable, however, that a charge may 
sometimes be received upon the highest parts of the roof as it 
often is upon telegraphic wires, and be again diffused into the 
atmosphere through the sharp corners and edges of the lower 
portions of # the roofing. Indeed if the usual points were 
erected upon such a roof and the eaves furnished with a num- 
ber of good points there is little reason to doubt that they 
would prove a reliable protection to the building. 

But since houses with such roofing have been sometimes 
struck by lightning and seriously’fdamaged, one or two cases 
having occurred within my knowledge,* where the roof was 
literally destroyed ; it would be well to take all possible pre- 
cautions for safety. Good * points should be erected on the 

♦In the summer of 1859 the house of Mr.* Muzzy of Spencer, Mass., was struck 
by lightning and much injured. The house wai without rods and the roof covered 
with tin. The charge entered the chimney through which it passed outward on to 
the roof, perforating and tearing up the tinning so generally that it was necea- 
•ary to replace it by an entire new covering. 
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most prominent parts of the house, particularly upon the chim- 
neys and well attached to the metallic surface. 

In making the ground connections, however, it is sufficient 
to affix the rods to the corners or edges of the roof, carrying 
out the directions already given in their terminations with the 
ground. Whenever proper contact cannot be made so as to 
remove resistance discharging points should always be used. 

In concluding this paper it is proper to say that I have at- 
tempted to consider the subject of lightning rods simply in its 
practical bearing. It has been not so much my object to pre- 
sent new facts or theories, as to urge a better application of 
principles well known, — to point out some of the most promi- 
nent defects in the construction of rods, and finally to present 
such obvious means of removing these defects as observation 
and experiment seemed to suggest. Neither have I pretended 
to give a full and detailed description of the rod. Nothing 
has been said of its height above the roof ; the number of 
points at the tip ; the mode of insulating and fastening to the 
building ; of the general style, form, size or material, simply 
because most of these are deemed of minor importance, and 
the great defects, which it has been the chief object to bring 
out, are not here found. 


V. CHEMISTRY. 

1. On Molecular Perturbations.* By Gustavus Hinrichs, 
of Iowa City, Iowa. 

Any series of compounds of like structure may be written 

EM (1) 

where M represents that part of these compounds which is 
common to all members of the series, while R represents the 
radical changing from one compound to the other. Thus in 
the nitrates of monatomic radicals 

E'O s N 

we have 

E — R ! and M = 0 3 W. 

By an application of the general mechanical principles of the 

* Also No. 3 of my Contribution t to Molecular Science. 
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fourth section of my Atomechanik (1867), the normal form of 
the atomic structure, RM , can be determined. Already in that 
work it has been done for certain series, like the Tritoids AB 2 , 
the Deltoids, AB S C, etc. 

Let the axes of this normal form, or the normal axes of the 
compound atom, RM, be 

x: y: z (2) 

These normal axes correspond to a given ideal case ; just as 
the normal elliptical orbit of the planets corresponds to the 
ideal case of but one planet encircling the sun, and both bodies 
being infinitely small in comparison to their mutual distance. 
The normal axes correspond to mutually equal atoms ( Atom - 
echanik, §.231 and §. 233). 

Accordingly there always must be a certain value of R for 
which the given M will produce exactly the normal axes in the 
compound RM, Let this value of R be represented by r. 
Then the deviation of the actual axes 

a: b: c (3) 

from the normal axes must be proportional to the difference 
R — r. These deviations we call molecular perturbations, and 
denote them in general by w ; in the direction of x, y, z, they 
are denoted, respectively, by £, C, C. 

If, then, A; be a constant, mainly determined by M, we shall 
have, in general, the molecular perturbation 

7zz=zk (R — r) (4) 

A difference, R — r = 1, gives n = k; that is k is the pertur- 
bation due to each unit in the atomic weight of the disturbing ele- 
ment R, 

From this it is also apparent that the greater the disturbed 
mass M the smaller must be the coefficient k; or, approxi- 
mately for comparable cases, 

k-U—VM (5) 

where U and V are constants. 

It is admitted that the preceding deductions are in a more 
popular form ; those who ask for more formal mathematical 
developments are referred to the latter part of this paper. In 
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order not to repel the chemist and mineralogist, the more 
special developments were deferred to this place. 

The value of r is also determined mainly by M. Thus if 
RM represents compounds, resulting by synthesis of R and M 
under great evolution of heat, a considerable attraction or 
affinity between R and M is manifest. Accordingly r will be 
negative, indicating that it would require a repulsion of the 
numerical value r to produce^the normal equilibrium or form. 

We may now proceed to the application of these principles. 

I. Titanoid Dioxides, TV0 2 . 

Referring to contribution No. 1 (p. 13)* for the details, we 
have, agreeable to (4) : 

C = — 0. 001 [7V + 130] (6) 

which gives very good results. Accordingly the attraction be- 
tween the titanoid, TV, and the two atoms of oxygen is so great 
that a repulsion of 130 (r = — 130) would be required to pro- 
duce the normal form. 

The normal form of these titanoid dioxides is 
x:y:z=i\/3:l:\/3 

(See Contrib. No. 1, p. 11, or Report Chicago Meeting, p. 217). 
The perturbation C is in the axis z, which passes through the 
atom TV and stands at right angles to the middle of the line 
joining the two atoms of oxygen. The observed axes a, 6, c, 
tabulated at the close of this paper, give the observed pertur- 
bations by means of 

a — 6 = y=l, c = z + C (7) 

For these dioxides the values are 


TV 

C calculated . 

observed . 

Cassiterite Sn = 118 

— 0.248 

— 0.245 

Rutile Ti = 50 

— 0.180 

— 0.180 

Zircon ' 59 

— 0.189 

— 0.171 

Pyrolusite Mn — 52 

— 0.182 

— 0.180 


Although manganese is not a titanoid, the perturbation of 
pyrolusite very nearly agrees with that calculated for titanoid- 

• Report of Chicago Meeting (1868), p. 221. 
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dioxides. The calculated value for Zircon differs considerably 
from observation ; it will necessarily depend upon the exact 
formula of the mineral, while the calculated value above given 
is obtained on the hypothesis of an equal number of atoms of 
zirconium and silicon. Thus 

£r^3«_4 3>5 

would give — 0.173 instead of thp — 0.171 observed. 

II. Aragonitoid Carbonates. 

The three atoms of oxygen in the Carbonates R" 0 8 C deter- 
mine the plane yz, the axis z passing through one of these 
atoms, while y is at right angles thereto in the centre of 
gravity of the triangle formed by the three oxygen atoms. 
This triangle is nearly or exactly equilateral, giving the nor- 
mal axes 

y:z=l : 

The axis x is at right angles to both, and passes in one di- 
rection (say upwards) through the Calcium atom, in the other 
direction through the Carbon atom, so that the angle 

Ca — 0 — C is 90° 

or very nearly so. Thus x = z = s/ 3. See Atomechanik , §§ 
303-306. 

The observed values of a, 6, c, tabulated at the close of this 
paper, give by (7) the following values of the perturbation C 
in the oxygen plane after axis Z. 


Xa C calc . C obs . calc.-obs . 

Aragonite Ca = 40 — 0.127 — 0.1266 0.000 

Strontianite Sr 88 — 0.085 — 0.090 + 0.005 

Witherite Ba 137 —0.040 —0.040 0.000 

Cerasite Pb 207 +0.024 —0.093 +0.117 

The calculated values have been obtained according to (4) 
by 

C = 0.0009 (Xa— 181) (8) 


It is seen that lead, not being a calcoid, but member of the 
genus cadmoids, the corresponding carbonate does not agree 
in its perturbation with the calcoid-carbonates, thus proving 
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that the cadmoid-atoms, in form or structure, essentially differ 
from the calcoid atoms, a result which must be admitted also 
on other grounds. Thus the calcoids are non-volatile, while 
the cadmoids are comparatively very volatile metals. 

Applied to the perturbation of the vertical prism the general 
law (4) gives 

Tr = 0'.72 (Xa — 200) (9) 

Xa t calc . r obs. calc.-obs. 

Aragonite Ca= 40 — 114'. 2 7 — 115' -f- 0'.8 

Strontianite Sr 88 — 80'.6 ^ — 80' — O'.G 

Witherite Ba 137 — 44'.4 — 45' + O'.G 

Cerusite Pb 207 + 6'. — 83' + 89'. 

The normal angle between the vertical prisms and the plane 
yx is p = 60°. The above minutes represent the derivation of 
the observed values from this angle of 60°. 

The value of r is positive in both formulae (8 and 9) but not 
quite identic, although it ought to be so. It requires an at- 
traction of 181 according to (8), and of 200 according to (9), 
to reduce the perturbation in the oxygen section to nothing ; 
that is, to make the aragonitoid hexagonal for the calcoid- 
elements Xa. 

I think that this is in accordance with chemical principles. 
The oxygen of the electro-positive Xa 0, being in the same 
plane with the oxygen of the electro-negative C 0 2 , exerts a 
repulsion on the same, equivalent to r = 181. Compare §315 
of Atomechanik on this point. In the hexagonal Calcit-forms, 
the Xa 0 and C 0 2 exist together as one Xa O s C , and accord- 
ingly C = o. Herewith harmonizes the fact, that according to 
Favre and Silbermann (1852), each gram of aragonite sets 
free 39.1 calorics when being converted into calcite ; or each 
atom Ca 0 3 C sets free 3910 calorics. Compare also VI. in 
Contribution 5. 

HI. Calcitoids. 

Of the carbonates, only magnesite and smithsonite belong 
to the same genus. This is sufficient to determine the two 
constants in (4), but not enough to give any control. The 
three aragonitoid carbonates have, however, given that con- 
trol, so that we may apply (4) also on the calcitoids. 
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Indirectly we shall have a very excellent control in the val- 
ues of the constants thus determined ; for they must agree 
with the known chemical properties of the elements. 

For the calcitoids the horizontal perturbations C is zero ; the 
vertical < is for the cadmoids. 

£ = — 0.1092 — 0.000161 Kd ( 10) 

or 

C = — 0.000161 [A<J + 678] (11) 

The same perturbation is, for the angle R of the rhombohedron, 
the normal being 104° 29' (Atomech., §307) 

P = + 0.'25 {Kd + 698) (12) 

The observed values are : 

Kd R P v £ 

Magnesite Mg, 24 107°.29 + 180' —0.1131 
Smithsonite Zu, 65 107°.40 +191' — 0.1197 

The value of r = — - 678 or — 698 indicates an attraction of 
nearly 700 between RM, or a repulsion of this magnitude is 
required in order that Kd O z C may have the normal form, the 
rhombohedron R=z 104° 29'. Now this is exactly what might 
have been predicted, since the cadmoids have not only a great 
affinity for O, but also because their atomic weight is in excess 
of both O and (7. Thus, in Smithsonite, the amount of matter 
in any horizontal is equivalent to 2 0 = 32, but in the vertical 
it is C+ Zn = 12 + 65 = 75, or more than twice as much. 
Since there is no chemical repulsion between Carbon and the 
Cadmoids, this preponderance of matter in the vertical axis 
must contract the same, as observed. 

The two sulpho-salts Ag z S 8 0 of this form give for (4) : 

£ = — 0.00066 [0 + 114] (13) 

and v 

/* = + l'.15 [0 + 98] (14) 

the observed values being 

0 R p £ 

Proustite As = 75 107°48' +199' — 0.125 

Pyrargyrite Sb = 122 108°42 +253' — 0.156 

The normal rhombohedron of 104° 29' will thus belong to a 
phosphoid 0 of the atomic weight r = — 98 or — 114 ; that is 
A. A. A. 8. VOL. xvni. 14 
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a repulsion of from 100 to 120. This is also in accordance 
with the chemical properties of the elements here involved. 
For the phosphoid and silver, here in the axis X, very readily 
combine, thus indicating an attraction of Ag s or «P, so that 
for any <P it would require a repulsion to produce the normal 
form. The same follows by considering the mere mass in the 
different directions ; thus along Z and Y we have the equiva- 
lent of 2 S = 64, but along X we have §Ag-\-$=. 324 + 0 
which for Proustite is 399 ; for Pyrargyrite 446, that is from 
6 to 7 times as much ! 


IV. Calcoid Sulphates. 

In the sulphates S 0 2 exists as such, forming, like ail com- 
pounds of the formula A B 2 or A J J, an equilateral triangle, 
either exactly or nearly so. The axis Z is laid through £, and 
Y through the two atoms of oxygen of S 0 2 . The axis X is 
at right angles to these, and contains the other two oxygen 
atoms of the sulphates. As demonstrated in another place, 
the normal axis of the sulphates R " 0 4 S are 

x : y: z=za/3: 1: (15) 

The perturbations most directly due to the different radicals 
are those in the axis of Z; for the radical R n is directly oppo- 
site to the sulphur-atom, S. The normal vertical prism, par- 
allel to the axis X, is nearly hexagonal; the normal angle 
between the vertical face and the plane X P, is 60° ; the devi- 
ation of the crystal from this angle we call x. The observed 
values then give for these perturbations for the calcoids : 

C= — 0.0008 [ Xa +20] (16) 

* = — 0'.7 \_Xa + 20] (17) 


Name. 

Xa 

calc. 

obs. 

— 

ota. 

Anhydrite 

Ca 40 

—0.048 

— 0.048 

— 42' 

- 41 * 

Celestite 

Sr 88 

—0.086 

—0.089 

— 75'.6 

— 80* 

Barite 

Ba 187 

—0.126 

—0.122 

— 109'.9 

— 110* 


Accordingly, r = — 20 in both of these equations. That is, 
it requires a repulsion of 20 to produce the normal hexagonal 
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form of the vertical prism here under consideration. This 
is again in harmony with the atomic structure and the known 
affinities. For in the axis Z we have S + Xa = 32 -f- Xa y 
reaching from 72 (for Co) to 169 (for Ba ), while in the axes 
X and Y there are only 2 atoms of oxygen, weighing 32. 
Hence a greater attraction in the direction of the Z axis, or 
a shortening of the same (C negative, r negative). Besides, 
we know that the calcoids have a considerable affinity for sul- 
phur — which, therefore, increases the perturbation due to the 
mass merely. 

This law has been extended to Selenates, Chromates, Per- 
chlorates, Permanganates (see Synopsis of new Memoirs on 
Atomechanics , published July, 1868). Here it may be suffi- 
cient to give the observed values of the angular perturbation 
x, or the deviation of the vertical prism found forming 60° 
with the vertical plane xy. 


Name. 

Formula. 



TT 


Anglesite 

FbO,S 

- 

— 

81' 


Barite 

Ba 0 4 S 

- 

— 

110' i 

| 

Celestite 

Sr 0«S 

- 

— 

79' 

> mean — 77' 

Anhydrite 

Ca0 4 S 

- 

- 

42' J 

i 

Permanganate . . . . 

Ka 0; Mn 

- 

- 

92' 

Mitsckerlich. 

it 

it 

- 

- 

80' 

Groth. 

Perchlorate 

Ka 0 4 Cl 

- 

— 

86' 

Groth. 

tc 

tt 

- 

— 

83' 

Mitscherlich. 

Olivenite 

Mg 2 0 4 Si 

- 

- 

24' 

Haidinger. 

Phenacite 

Be, 0 4 Si 

- 

- 

0 


Willemite 

Zn, 0 4 Si 

+ 

0 


Normal form 

ab 4 c 



0 

— 

Sulphate 

Ka*0 4 S 

H 

- 

12' 

Mitscherlich. 

Selenate 

Ka, 0 4 Se 

- 

- 

12* 

tt 

Chromate 

Ka, 0 4 Cr 

_ 

- 

20' 

tt 

Manganate 

Ka, 0 4 Mn 

- 

- 

35' 

tt 

Ammonium Chloro Zincate 

Am Cb Zn 

- 

- 

40' 



The most interesting fact exhibited in these perturbations 
is the change of it by the doubling of Ka. A mere increase 
in weight of Ka in the permanganate Ka 0 4 Mn would in- 
crease the negative value of n. But the addition of another 
atom of potassium, producing the Manganate Ka? 0 4 Mn , 
does not increase the perturbation in the same direction, 
bat changes its sign. This indicates a slight but real rephl- 
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sion between the two atoms of potassium, in harmony with the 
electro-chemical views. 

V. Perturbations and Temperature. 

On page 43 of Atomechanik , the influence of temperature on 
the molecular perturbations has been investigated, and the 
results exemplified by means of Fizeau' s observations then 
published. In Pogg. Ann. 1868, p. 135, we find additional ob- 
servations of Fizeau , so that we now can continue the investi- 
gation of the subject. 

In the following determinations of Fizeau the coefficient of 
expansion for one degree centigrade (at the temperature of 
40°), is in the direction of (Fizeau’s) vertical axis a, at right 
angles thereto a' ; and the change of either for each degree of 
temperature is Ja and Ja'. For the sake of simplicity we refer 
all of these numbers to the original length of one million 
units; then a = 0.00001911 of Fizeau fox Fluorspar (the ex- 
pansion of the length 1) becomes here a = 19.11 (the expan- 
sion of 1,000,000). 

Tritoids, AB % . 


CaFZj, Fluorspar 

a = a' =19.11 " 



Fe^Sti Pyrite 

a ; = a'= 9.08 | 


in all 

OusO, Cuprite 

a = <z'= 0.98 1 

► 

directions. 

u 

Ja = Ja'= 0.0210 * 



a 

a! Ja 

Aa f 

Quartz, SiO z 7.81 

14.19 0.0177 

0.0238 

Rutile, TiO % 9.19 

7.14 0.0225 

0.0110 

Cassiterite Sn0 2 8.92 

8.21 0.0119 

0.0076 

Zircon ( Si , Ti) O a 4.43 

2.33 — 

— 

— 


Deltoids, AB z C. 

For these a is the expansion in the direction of our axis X, 
or a, a' in the direction 7 or 6, and a" in the direction Z or c. 

a a / a n 

Calcite +26.21 — 5.40 — 5.40 

Araganite +34.60 +10.16 + 17.19 

These values must be referred to b = 1, by subtracting the 
coefficient after this axis from each of the other coefficients ; 
the values thus obtained express the relative expansion in 
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these axes. It must also be borne in mind that these coeffi- 
cients refer to our X, F, Z, in the following manner : 



X 

X 

F 

y 

z 

Z 

Quartz 

a 

i 

a! 

V3 

a' 

s/3 

Rutile 

a' 

s/3 

a 

1 

a! 

s/3 

Cassiterite 

a 1 

s/3 

a 

1 

a' 

s/3 

Zircon 

a 1 

V 3 

a 

1 

a! 

s/3 


The values of our normal axes a?, y, z, have also been added. 
For details see Atomechanik , p. 34, or Contributions to Mole- 
cular Science, No. 1 (Report Chicago Meeting, p. 217). 

This gives our y = b = 1, with no relative expansion and no 
perturbation. For the other axes we obtain : d £ as the rela- 
tive coefficient of expansion after X (for each million of units 
of length), d'£ the variation of for each degree ; and d C, a'C 
for the axis Z. The results are contained in the following 
table : 

The Tesseral Tritoids. 

Fluorspar ) Pyrite and Cuprite 

have £=C = o; and also d $ = d£ = o. 

The Hexagonal Tritoid. 

Quartz x= 1.0000 z= 1.7320 

£ = 4- 0.099 c = 0.0000 

se = — 6.38 SC = 0.0000 

= — 0.0061 <5'C = 0.0000 

The Quadratic Tritoids 

have z = z and also their variations equal, so that they remain 
quadratic. We give only the values for x: 

x = z=z*/ 3 £ = C = a'£=<5'C 

Rutile 1.7320 — 0.180 + 2.05 + 0.0115 

Cassiterite 1.7320 —0.245 +0.71 +0.0043 

Zircon 1.7320 -0-171 +2.10 

The Hexagonal Deltoid. 

Calcite X=*S 3 = 1.7320 z = \/S =1.7320 

£ =— 0.0235 C= 0.0000 

a£ = + 3i.6i ac= o.oooo 
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The Rhombic Deltoid. 

Aragonite X=z\f 3 = 1.7320 z = \f 3 = 1.7320 

£ = + 0.0035 C = — 0.1 2G6 

= + 24.44 3Z = + 7.03 

These observations show : 

1. That when the molecular pertubation is zero , it remains so. 
In other words, the normal form is not changed by an increase 
of the temperature. — Examples : the tesseral tritoids, also Z 
in quartz and calcite. 

2. That the molecular perturbations are diminished by increase 
of the temperature. In other words, the actual form ap- 
proaches the normal form when the temperature is raised. 
Examples are quite numerous in the above observations ; they 
are indicated by the opposite sign of the perturbation and the 
coefficient of expansion. 

3. The expansion of aragonite in the direction of the verti- 
cal axis X is an exception to the preceding rule ; for C and d Z 
have the same sign, so that the actual form passes farther and 
farther from the normal as the temperature is raised. This 
proves that the atoms in aragonite are not in a stable equilib- 
rium ; and in fact, by heating a crystal of the same, it sud- 
denly changes from aragonite to calcite at a certain tempera- 
ture, developing 3910 calorics (for each atom of C 3 0 3 C) in the 
process (Favre and Silbermann , 1852). 

Thus we have brought all of the preceding determinations 
of the expansion of crystals under the one general law ; dimi- 
nution of the molecular perturbation to zero , or approximation 
of the crystal to the normal form. 

The preceding, we hope, is sufficient to show that the molec- 
ular perturbations are a reality, as well as the cosmical per- 
turbations of astronomy. However incomplete and imperfect 
our knowledge of this subject may be at present, we deem it 
sufficient to invite to farther research. While we believe the 
general law (4) of molecular perturbations to have been suffi- 
ciently proved by observations, we admit that the precise value 
of the constants k and r is at present only imperfectly deter- 
mined by observation, and only in a very general way by 
theory. 

The exact theoretical determination of these constants is a 
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mechanical problem, the solution of which depends as much 
upon the constitution and form of the atoms of the so-called 
chemical elements, as does the theoretical determination of 
cosmetical perturbations on the structure, form and mass of the 
cosmical bodies. 

APPENDIX. 

That the law (4) is in fact a first approximation is proved 
by the following preliminary analysis of this problem, referred * 

to in the first part of this paper. 

Let the substance under consideration be a ternary, com- 
posed of the element-atoms A , B , C. To simplify the subject, 
let the compound be a deltoid, AB^C. 

The actual axes of this deltoid we call a, 6, c; the line joining 
the two atoms A and (7, being taken as X-axis or its value = a. 

If now, without changing anything, the atoms A and C were 
made equal to B, the axes a, 6, c, would become a;, y, z, the 
normal axes. Leaving (7, but substituting only the radical 
A = B, a certain value R = r must likewise produce the nor- 
mal axes <r, y, z; the corresponding compound being r B^C. 
Accordingly the force producing increments £, y, C, on x , y, z, ^ 
is zero for A = R = r. 

Now, let the force between A and C be represented by the 
fhnction ^ ( A , C ) ; similar^ that of A and B by <p ( A , B), be- 
tween C and B by <p' (C, B), and the repulsion between the 
like atoms B by p (B, B). Into all of these the actual axes 
s, 6, c enter as variables. The resulting force, therefore, will be 

F{A ', B, C) = r (. A , C) + ? (4, B) + 9 > (C, B) — p (B, B), 

(ifi) 

By substituting A = r -|- A and developing we obtain 

F(r + h,B, C)«iT 0 + Bi(X-r) 

+ IT 2 (^-r) 2 
+ 2f 3 (^-r)’ (19) 

+ etc. 

where 

2T 0 = r (r, C) + <p (r, B) + (B, (7) -y> (B, B) 

IT (**» C) , d*(r, 2?) 

dA r— a— 

The functions, etc., contain probably only the first 
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powers of the atomic weights ; hence 2T 2 , K& etc., will be zero, 
or the squares and higher powers of ( A — r) may be omitted. 

At the same time we have, according to the definitions given 

a = a5 + £ b = y-\-Z c = z-\-Z (21) 

(See also 7). 

If, therefore, we neglect the square and higher powers of 
(A — r), we have for a first approximation, the normal axes 
determined by 2f 0 , and the perturbations by K x . For the per- 
turbations 7 r in any direction we shall have an equation of the 

7: = K 1 (A — r) (22) 

form which is identic with (4). It is evident that K, depends 
upon the normal axes, a?, y, z, and the values of r, B and C. If 
the form of the functions, as well as the normal axes are 
known, then K 0 would serve to determine the value of r. 

The above formulae have been simplified by not writing the 
values of a, h, c, which enter into every one of functions. 
Since now the law of the variation of these attractions and 
repulsions in regard to distance and angle (atomicity) is un- 
known, we may be excused from entering into any farther 
detail. At the same time it will be admitted, that the only 
possible solution is based upon an accurate knowledge of the 
element-atoms as physical bodies , such as they are represented 
in the first section of my Atomechanik . 


2. On the Classification and the Atomic Weights of 

THE SO-CALLED CHEMICAL ELEMENTS, WITH REFERENCE 

to Stas* Determinations. By Gustavus Hinrichs, 
of Iowa City, Iowa. 

Like all other natural objects the chemical elements (so- 
called) can be classified into natural groups , — Genera made up 
of the individual elements as Species and Varieties. Such a 
classification was published in 1867 in my Atomechanik (§ 17, 
pp. 7, 8). 

The symbol of the species is the characteristic letters of the 
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Latin name of the same, introduced by Berzelius in 1815 ; it 
has also a numerical value, representing the weight of the 
atoms. 

As symbol of the genus I introduced the characteristic let- 
ters of the Greek name of the same, and stated that this 
symbol represents an equation , the numerical value of which 
for the given variable would be the atomic weight of the spe- 
cies corresponding to that variable. 

The theoretical ground of this classification is exposed in 
Atomechanik. We shall here exclusively consider this question . 
from a practical and empirical point of view, entirely indepen- 
dent of the pantogen-hypothesis. In this form it has now for 
two years been presented in my lectures. 


I. Classification of the Elements. 

This empirical classification (in its results identical with that 
of Atomechanik) is based mainly on the deportment of the 
elements toward heat . This physical agent being motion, we 
accordingly classify the elements in regard to the mobility of their 
particles (the atoms). We distinguish six degrees of fusibility , 
three degrees of volatility , and the coloration of the flame for the 
metals. We retain the general division of the elements in two 
orders , jnetals and metalloids, based upon the presence or ab- 
sence of metallic lustre. The above degrees of fbsibility cor- 
respond very nearly to those of von Kobell. 

For farther explanation we may refer to the following table , 
merely adding, that the name of the genus was taken from the 
most common or most characteristic element. The semi-bar- 
barous name Sulphoid was chosen, because the more correct 
Thionoid is not so palpable to students. 

A. A. A. S. VOL. XVHI. 15 


Digitized by 


Google 



114 


A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 


GENERAL TABLE OF THE GENERA OF THE ELEMENTS. 


I. Metals; haying metallic lustre. 


Fusibility. 

Volatile. 



Representath 

Species. 

Name. 

Symbol. 

1 

exceeding 

color 

Kaloids 

Ka 

Ka 

2 

very 

no color 

Cadmoids 

K3 

Cd 

3 

slightly 

— 

Cuproids 

Kv 

Cu 

4 

not 

color 

Calcoids 

Xa 

Ca 

5 

not 

no color 

Ferroids 

X* 

Ft 

8 (inftis) 

not 

— 

Titanoids 

Tr 

Ti 


II. Metalloids; not having metallic lustre. 


Tri atomic Elements like Phosphorus 

Phosphoids 

* 

P 

Di — 

“ 

“ Sulphur 

Sulphoids 

e 

8 

Mon— 

u 

41 Chlorine 

Chloroids 

X 

Cl 

Mon— 

ii 

44 Pantogen 

Pantoids 

Y 

H 


To these genera several others will have to be added ; but 
not until the elements concerned are better known. Of such 
genera I mention here the Thalloids, 01, Molybdoids, i/A, Hy- 
drargoids, Yy from Atomechanik. Beryllium is either the first 
species of the Ferroids or of the Cadmoids. 

The Ferroids are distinguished for their varieties. Thus the 
third species (Iron ; Greek Sideros) is associated in nature and 
in its properties with four varieties, which we term the Side- 
voids and give the symbol They are Chromium, Mangan- 
ese, Iron ( the species), Nickel and Cobalt. They form a 
regular series, connecting Titanium of the Titanoids with 
Copper of the Cuproids (see Chart). The Rhodoids and Iri- 
doids are not sufficiently known yet. Uranium is associated 
with Cobalt and the Sideroids, having exactly twice the atomic 
weight of Cobalt, 
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The species in each genus are again arranged in the order of 
their volatility, or specific gravity, or atomic weight. By print- 
ing their symbols at distances from that of the genus, nearly 
proportional to the atomic weight, we obtain the following 
Aart representing our classification of the elements. A few 
of the most important elements not embraced in the above ten 
genera have been added. 


HDraiCHS* CLASSIFICATION OF THE ELEMENTS. 


Gpjcm. 



Species. 




X = 

I 

2 

3 

4 

5 


Y 

H 






K« 

Li 

Na 

Ka 

Rb 



Xc 

— 

— 

Ca 

Sr 

Ba 


Si 

- 

Mg 

Zn 


Cd 

Pb 

Yy 

- 

- 

- 


- 

Rg 

Kv 

- 

- 

Cu 


Ag 

Au 

L 


Al 

Co 

Ni 

Ft 

Mn 

Or 

Rh 

Ir 


Tr 

C 

Si 

n 

Pd 

Pt 






Sn 




♦ 


N 

T 

At 

Sb 

Bi 

9 


0 

S 

.St 

Tt 

— 

X 


FI 

Cl 

Br 

Io 

— 

Y 

H 







That this is a truly natural classification is proved by the 
fact that in this table the elements of like properties, or their 
compounds of like properties, form groups bounded by simple 
lines . Thus a line drawn through C, As, Te, separates the 
elements, having metallic lustre from those not having such 
lustre. The gaseous elements form a small group by them- 


Digitized by v^.ooQle 



116 A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 

selves, the condensible chlorine forming the boundary. So 
also the boundary line of the heavy metals (specific grav- 
ity above five) is a simple line, running between Kd and 
lo, as far as the break in the vertical columns goes 
(to Zn), Ithen down to Ti and through Se out between 
Te and Io. So also the boundary lines for other properties 
may be drawn. 

Of great practical importance are the lines expressing cer- 
tain properties of definite compounds. Thus, the solubilities 
of Ternaries or Binaries in water. The reactions in the wet 
way (Fresenius). The blowpipe reactions, may be repre- 
sented on such charts by means of a few simple lines. Such 
charts have been in use in my laboratory, and were exhibited 
to the Association — the symbols printed on muslin (size 8X6 
decimeters) while the other details had been entered by hand. 
In the lecture room I also have been using a square black- 
board of black walnut (one meter each way) with the symbols 
painted ; a chalk line or figure then enters the property dwelt 
upon by the lecturer. 

n. The Atomic Weights. 

If we inscribe the atomic weight in the table of elements 
just given, it will immediately be seen that in each of the 
columns, marked x = 1, 2, 3, etc., comparatively small 
changes take place. This suggests a general law, determining 
the atomic weight y of any species as a function of x for all 
genera . 

y —f (»)• (i) 

Theoretically we may determine the nature of this function 
in the following manner : if we assume the existence of but 
one substance (pantogen). 

A certain number c of the mutually equal atoms of this pan- 
togen may combine, producing an element of the atomic 
weight y =z c, that of hydrogen being one. Any two of these 
new atoms may again combine, giving y 2 = 2 c. These again 
combining give y z = 2 y 2 = 2.2 c, of which again y A = 2 y 2 = 
2.2.2 c would follow. Thus by simple reduplication of the origi- 
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Ml atoms ft = c, we would obtain atoms of other substances 
(elements) expressed by the general formula 

y = c.2*~i (2) 

All of the elements for which c has the same numerical 
value would evidently closely resemble one another, or consti- 
tute a of elements. Variation in the value of c would 
give the different genera. 

Another mode of combination in the successive addition of 
the same c to itself, giving 

y = c.x (3) 

There are evidently other methods of combination; but 
those here given are undoubtedly the simplest possible , and 
hence the most probable. 

A parallel to the law (3) we have in the hydrocarbons, 
where the successive atoms of carbon are linked together by 
means of hydrogen atoms. Accordingly it is possible, and 
rather probable, that less complex aggregations k of atoms of 
the primary matter will be required as links to bind together 
the members c of the atoms y. Consequently a more general 
form of the preceding laws would be 

1. For Reduplication : 

y=c. 2* + fc (4) 

2. For Simple Aggregation : 

y = c. x + k (5) 

In their equations k must necessarily be comparatively small 
if it changes with x , otherwise expressive of a terminal com- 
mon to the genus, it may be even large, as in the Cuproids, 
Cadmoids and Calcoids. From the observed values of the 
atomic weights we may conclude that all the metallic elements , 
tnxpt the calcoides , are formed by reduplication (4) ; the calcoids 
king formed by aggregation (5). The metalloids are formed 
mainly by reduplication (4). 

This we conclude from the following comparison between 
the calculated and observed values of the atomic weights. In 
all of the following tables, the correction is to be added to the 
calculated value in order to give the observed value, taken 
from Jahresbericht, 1866. 
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A. METALS. 
1. Genus. Kaloids. 



Ka = 

5.2*+ 8 (— 

i)* 

(6) 

Species. 

X . 

K 

calc. 

a 

obs. 

Correction. 

Lithium 

1 

7 

7 

0 

Sodium 

a 

as 

83 

0 

Potassium 

8 

87 

89.1 

+8d 

Rubidium 

4 

83 

85.4 

+ 8.4 

2. Genus 

5 

. CtJPROIDS 

Ku = 

157 

= (5.5) 2*+ 

20 

( 7 ) 


1 

81 

— 

— 


s 

48 

— 

— 

Copper 

8 

64 

63.4 

-> 0.6 

Silver 

4 

108 

108 

0 

Gold 

5 

196 

197 

+ 1 


3. Genus. Cadmoids. Omit the constant for x = 1 and 2. 


Kd = e. 2*+16 


(«> 



1 

18 

— 

— 

Magnesium 

a 

84 

84 

0 

Zinc 

3 

64 

65.2 

+ 1J 

Cadmium 

4 

118 

113 

0 

Lead 

5 

806 

207 

—1 

4. Chaus, 

Ferboi d§. 

Jc = (6.25).2*+ *(+!)* 

(»: 

— 

l 

13J5 

— 


Aluminium 

a 

27 

27.4 

+ 0.4 

Iron 

3 

53 

56 

+ 3 

Rhodium 

4 

104 

104.4 

+0.4 

Iridium 

6 

805 

198 

— 7 
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5. Oemis. Titanoids. 

TV = (6.5).2*-f *(—!)* 


Carbon 

Silicon 

Titanium 

Palladium 

Platinum 


12 

28 

49 

108 

203 


12 

28 

60 

106.6 

197.4 


6. Genus . Calcoids. 

Xa = 48 (x—2)—8 
= 48 x — 104 


( 10 ) 

o 

o 

+ 1.0 

— 1.4 

— 5.6 


(18) 


Calcium 

3 


40 

40 

0 

Strontium 

4 


88 

87.8 

— 0.4 

Barium 

5 


136 

137 

+ 1 


( 11 ) 


B. Metalloids. 

For these we have in general 

y = c. 2 X ) 

y = c [2 a + 6. 2 X - 2 ] ) 

where the upper is to be used for x = 1, 2 ; the lower for x = 3, 
4, 5, the sum of the exponents always being = x. For the 
Snlphoids and Phosphoids this discontinuity is expressed in 
the first corresponding strictly to metalloids, while the latter 
(x = 3) have metallic properties. The factors multiplying c 
will in all cases make y 8 the arithmetical mean between y 2 and 
ft, 

2y 3 = 2fc + 3h (12) 

as readily may be seen from (11). 

We obtain again for a>, y calculated, y observed, and the 
“correction,” the values tabulated below. 

For the sake of abbreviation, the function of x multiplying 
c is denoted by X , so that 

for a; =1,2 X=2 X \ 

“ 3,4,5 X=2* + 6.2*-M ^ ' 

For the phosphoids and sulphoids, we have 6=3, for the 
chloroids 6 = 2.5. Hence we find 

for <P and 0, £ X= 1, 2, 5, 8, 14 
“ X il=l,2,4,,7, 12 


} ( 14 ) 
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7. Genus. Phosphoids. 6 = 3. 


■0 = 7.5 X (15) 

i X— 1, 2, 5, 8, 14 (see 14). 


Nitrogen 

1 

15 

14 

— 1 

Phosphorus 

2 

30 

81 

+ 1 

Arsenic 

3 

75 

75 

0 

Antimony 

4 

120 

122 

+ 2 

Bismuth 

5 

210 

210 

0 

8. Genus. 

Sulphoids. 

6 = 3, JZ=1, 2, 5, 8, 14. 

6 = 8.X (16) 

Oxygen 

1 

16 

16 

0 

Sulphur 

2 

82 

32 

0 

Selenium 

3 

80 

79.4 

— 0.6 

Tellurium 

4 

128 

128 

0 

— 

5 

224 

— 

— 

9. Genus. 

Chloroids. 

6 = 2.5. 

X=9.X 

£X — 1, 2, 4J, 7, 12. 

(17) 

Fluorine 

1 

18 

19 

+ 1 

Chlorine 

2 

36 

35.5 

— OA 

Bromine 

3 

81 

80 

— 1 

Iodine 

4 

126 

127 

+ 1 

— 

— 

216 

— 

— 


We shall not discuss the “correction” which is to be applied 
to the calculated values in order to give the observed values. 
We only shall observe that these corrections are very small 
except for the three species Fe , Jr, Ft, which belong to genera 
know"n to contain varieties. 

We do not mean to have the observed values corrected, for 
what here appears as “corrections” may in fact represent the 
links which hold together the various portions of the resulting 
atom. A negative correction would thus indicate that some 
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projecting point had been removed before combination was 
effected. 

Nor do we assert that the atoms of the so-called elements 
have a composition expressed by the general formula (4) (and 
its modification (11) for the metalloids) ; but their atomic 
weights do make such composition probable , while at the same 
time such constitution would be the simplest possible if the ele- 
ments were composed of one primary matter ( pantogen ). 

At all events it is thought that the relations here pointed 
oat are of a more general and more rational character than 
those published by Dumas * in 1857. 

In* conclusion we give a synopsis of the formula represented 
by our generic symbols : 


Genus in general y =. c.2* + k (4) 

Kaloids Ka= 5.2* + 3 (— 1)* (6) 

Cuproids Ku= (5£). 2* -(-20 (7) 

Cadmoids Kd= 6.2* +16 (8) 

Terroids £t =(6£).2* -f x (+1)* (9) 

Titanoids 7Y:=(6£).2* -f- x (— 1)* (10) 


Phosphoids <P = (7£). [2 2 + 3.2*~ f ] (15)] Sum of expo- 

***** 8 = 8 C 22 + 3 ‘ 2X - 2 ] ( 16 > r=T2 8 thep°J 

CUoroids X = 9 [2 2 +(2±).2'-’] (17) j rent hesis is 2* 

Cdlcoids Xa=48x — 104 (18) 

Prom this it will be seen that the volatility and fusibility of 
the metals decreases as the value of c increases. Their atomi- 
city increases with increasing c. For the metalloids the re- 
verse is the case, which fact probably is connected with the 
electrical contrast between these two orders of elements. 

Graphical representation, taking x as abscissa and y as ordi- 
nate, will conduce very much to a better apprehension of the 
relations and the general formula here presented. When pre- 
senting this subject to the Association a diagram about 2£ 

* U Imtitut, 1857, pp. 420-422 ; pp. 383-386. 
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metres long was used ; it contained the logarithmic or expo- 
nential curves for the Kaloids, Cuproids, Titanoids, Sulphoids 
and the straight line of the Calcoids. The unit of x was 18°“, 
of y was l cm , so that Bi= 210 was represented by an ordinate 

of 210 crn . 


HI. Stas* Determinations. 

Very much is said about these very interesting determina- 
tions of the atomic weight ; but we believe that the true impor- 
tance of these great labors is hardly estimated yet. Most 
chemists seem to think that the chief importance of the pains- 
taking work of Stas is to disprove and forever reject the so- 
called hypothesis of Prout ; and with the destruction of this 
hypothesis they seem to think all the palpable harmonies of 
the atomic weights, and particularly all relating to “ pantogen ” 
is annihilated. We are inclined to think that just such careful 
determinations will demonstrate the correctness of the law of a 
common divisor (equal one-half the atomic weight of hydro- 
gen?) for all elements, and prove some essential features of 
the structure of the element atoms. 

In order to approach this subject let us grant all that Stas 
does claim for his figures ; that is, they are exact to the first or 
even the second decimals. Let us see , what these figures , if they 
are so accurate as claimed , really do prove ! 

The values of Stas are actually obtained for oxygen equal to 
16. Let us represent these values by S, The atomic weights 
in accoixlance with Prout? s Law (referred to one-half hydro- 
gen) we shall for the sake of convenience call the normal 
atomic weights, A . The deviation of observation from these 
normal values we denote by D, 

D = S — A or S = A + D. 

The deviation per unit of weight will then be 



The values A, S, D and d are given in* the following table, 
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S being taken from Fresenius' Zeitschrift fur Analytische 
Ckemie , 1868, p. 169. 


A. 

8. 

D. 

d. 

Kaloids, k «, mean 


• . . 

. 

+ 0.00284 

Lithion, 14 , 

7 

7.022 

+ 0.022 

+ 0.00314 

6odium, No, 

23 

23.043 

+ 0.043 

+ 0.00187 

Potassium, Ka, 

39 

39.137 

+ 0.137 

+ 0.00351 

PHOSPHOID8, * 





Nitrogen, y t 

14 

14.044 

+ 0.044 

+ 0.00314 

Pun'oros, Y 





Hydrogen, H, 

1 

1.002 

+ 0.002 

+ 0.00200 

SULFHOID8, 0 





Oxygen, O, 

16 

16.000 

±0.000 

— 

Chloroids, x, mean 


. 

. 

— 0.0008 

Chlorine, Cl, 

35.5 

35.475 

— 0.025 

— 0.0007 

Bromine, Hr, 

80 

79.952 

— 0.048 

— 0.00060 

Iodine, 16, 

127 

126.850 

— 0.150 

— 0.00118 

Cufroids, Kv 





SUrer, Ag, 

108 

107.930 

— 0.070 

— 0.00064 


It is apparent that d is nearly constant for the same genus, 
and very nearly -f- 0. 003 for the Kaloids, — 0. 001 for the 
Chloroids. In other words the deviation — whatever be its 
cause— is nearly proportional to the absolute weight deter- 
mined! 

Another very peculiar fact is the positive sign of the devia- 
tions, D and d, for the elements which are electro-positive in re- 
gard to the standard (oxygen) , while the deviations are nega- 
tive for the elements which are qlectro-negative in regard to 
°xygen. Silver forms the only exception to this rule. At the 
came time its deviation d is only 0.0006, or much less than 
that of all other elements except bromine ; and the electro- 
chemical difference between silver and oxygen is not consider- 
able either. 

We conclude, therefore, that Stas' determinations S of the 
atomic weights deviate from the normal atomic weights A by 
email quantities D which 
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First , in regard to sign agree with the electro-chemical sign 
of the element in regard to oxygen (silver excepted) ; and 

Second , are nearly proportional to the atomic weight itself. 

Granted the accuracy of the determinations of Stas, the con- 
clusions just given follow. We accordingly have a case in 
chemistry like that which astronomy would have offered if the 
perfection of the instruments and methods of observation had 
progressed more rapidly than theory, after the propounding of 
Kepler’s laws. Then deviations from the elliptical orbits 
would have been observed, and it would have been discovered 
that these deviations were closely related to the relative posi- 
tion of the planets. If an expert observer on account of these 
deviations should have rejected Kepler’s laws as disproved, he 
would have been greatly in error, because, as we now know, 
the observed deviations are consequences of the same law of 
gravitation on which Keplefs laws depend. 

Now, theoretrical chemistry is vastly behind practical (em- 
pirical) chemistry, in fact, so much behind this latter that the 
claims of mathematical chemistry are generally either ignored 
or derided. We shall, therefore, not venture to give our expla- 
nation of the deviations d; we probably only would deter from 
those much needed researches, which will demonstrate what we 
now must leave as merely probable. 


8. On the Grahamite op West Virginia, and the New 
Colorado Resinoid. By Henry Wurtz, of New York. 

It is now nearly five years since my attention was first called 
to this remarkable mineral. J at once recognized the scientific 
interest that attaches to it, and have always earnestly desired 
to carry out some systematic and thorough chemical investi- 
gations into its nature and relations ; a desire so far frus- 
trated to a certain extent. Pending, however, renewed efforts 
which I am making, to accomplish complete elementary analy- 
ses of the constituents of Grahamite, as discovered by me, I 
think it my duty to communicate, for the first time, the full 
results of my former investigations. 
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Previous to 1865, the existence was frequently reported, and 
alluded to, in the public prints, of an extraordinary mineral 
formation on a branch of Hughes River, Ritchie County, West 
Virginia. It was sometimes called “ Ritchie Coal,” 44 Ritchie 
Asphaltum,” u Crystallized ( !) Petroleum,” etc., etc. Gesner 
and others claimed it as identical with albertite, which they 
called an asphaltum (Gesner, On Coal Oils, Petroleum, etc., 
p. 27). 

The eminent geologist, Professor Lesley, was the first to 
introduce its existence to the general knowledge of the scien- 
tific world, which he did in a communication to the American 
Academy in Philadelphia (in 1864, 1 believe) ; not having him- 
self visited the locality, however. His opinion, founded chiefly 
on inspection of hand samples, was that the material was an 
“inspissated petroleum,” or say, a mineral pitch. The results 
of my own examinations of some samples, made in January 
1865, did not enable me to concur in this view, and I pro- 
jected a visit to the locality, which I succeeded in carrying 
out in the ensuing summer. It was then accessible but by 
a very rough bridle path of fifteen miles, but now as I am told 
a branch railroad is completed from Cairo Station on the N. 
W. Virginia railroad. 

The enclosing rocks are the ordinary blue sandstones and 
shales of the carboniferous, dipping generally about 15° or 17° 
N. W., in places nearly horizontal. The mineral occupies a 
vertical dike-fissure, it may be a shrinkage fissure, whose course 
is N. 76° to 80° E. A deep and narrow ravine cuts down 
deep into it, in the bottom of which some openings had well 
exposed the structure of the dike, which is obviously one of 
injection. My notes taken on the spot say in substance : 

“The structure shows four distinct, though somewhat irreg- 
ular, divisional planes, having a general parallelism with the 
walls. Next to the walls the structure of the mineral is 
coarsely granular, with an irregularly cuboidal jointed . cleav- 
age, very lustrous on the cleavage surfaces ; that in immediate 
contact with the walls usually adhering thereto very tena- 
ciously, as if fused fast to the granular sandstone. 

“Next these two outside layers, which are very irregular 
and from two to three inches or more in thickness, is found. 
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on each side of the vein, a layer averaging from fifteen to six- 
teen inches in thickness, which is composed of a variety highly 
columnar in structure and very lustrous in fracture, the columns 
being long, and, at this place, at right angles to the walls. 
It is this variety that was given to Professor Lesley ; as would 
appear from his description. Finally, in the centre of the vein, 
varying in thickness, but averaging about eighteen inches, is 
a mass differing greatly in aspect from the rest, being more 
compact and massive, much less lustrous in fracture, and with 
the columnar structure much less developed, in places not at 
all. The fracture and lustre of this portion of the vein are 
clearly resinoid in character. 

44 It is very remarkable that this curious dike-structure has 
heretofore escaped detection. Professor Lesley, whose inform- 
ation, however, was derived at second hand, says that the 
mineral has 4 not the slightest appearance of layers, but the 
aspect of complete uniformity and homogeneity.’ 

“The general aspect of the mass, as well as all the results 
of a minute examination of the accompanying phenomena, 
lead irresistibly to the conclusion that we have here a fissure 
which has been filled by an exudation, in a pasty condition, 
of a resinoid substance derived from, or formed by some meta- 
morphosis of, unknown fossil matter contained in deep-seated 
strata intersected by the fissure or dike. It is not necessary 
to suppose a degree of fluidity greater than that of semi-fused 
pitch, or inspissated tar. Such a soft doughy mass, though 
flowing but slowly, would in time be forced by a very moderate 
pressure into every portion and into every crevice of the fis- 
sure. The peculiar structure described is such as would result 
from the Assuring of a ftised or semi-fused viscous mass by the 
refrigeration produced by contact with the cold, and it may be 
wet, walls of the fissure ; the outside granular layers being due 
to rapid cooling, and the columnar fracturing at right angles (or 
nearly so) to the walls (as, for example, in the case of a dike 
of columnar basalt) to a more gradual reduction of tempera- 
ture, connected, without doubt, with the well known tendency 
of such materials as are susceptible of the vitreous or viscous 
fusion, to assume in time a concretionary or nodular structure. 
This tendency is strongly apparent in the brilliant variety, 
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having produced multitudes of those curious markings on 
fissured surfaces which were mistaken in the case of the alber- 
tite for fossil impressions. The transverse columnar structure 
is called by Lesley 4 pencil cleavage.* 

“Towards the extremities of the outcrop, where the sheet of 
mineral is thinner, this penicillate structure extends through- 
out the mass. 

44 The idea that this material was ever, in the condition of 
fluid petroleum, is visionary and groundless, there being the 
strongest reason why it could never have been more fluid than 
a very thick semi-fluid pitch ; of which reasons one of the most 
obvious is the entire absence of any penetration of the mate- 
rial into the surrounding porous sandstones. Also, no such 
substance as this, or anything approximating to it chemically, 
was ever known to be formed, or to have been formed, by the 
oxidation and inspissation of petroleum; and the formation 
from liquid petroleum, in such a fissure, to the depth of hun- 
dreds of feet, by any process of oxidation from the surface, 
of a mass so uniform as this, is an idea which I believe will 
receive but meagre acceptation among those chemists whose 
minds are free from the trammels of pet hypotheses. 

44 1 will add, that I have yet to learn of the existence of any 
products (now forming) of oxidation or 4 inspissation * (what- 
ever that may be) of West Virginia petroleum. 

44 In sinking a small shaft here, twenty-eight feet deep, Mr. 
J. Cabville Stovin, the engineer in charge at the time, found 
a detached fragment three and a half feet long of the north 
wall of the dike, imbedded in the mineral twenty-four inches 
distant from said wall, and twenty-nine inches vertically below 
the hiatus in the wall, marking its point of detachment ; while 
exact measurements, both of itself and of the cavity left (on 
removing the mineral which occupied its original space) showed 
that it had become entirely inverted in position during its 
descent. The pitch-like semi-fluidity, which I have contended 
for, is here strongly illustrated, by the small depth of descent 
of this mass of quartzose sandstone, through a material whose 
density could not have been half of its own ; while its distance 
from the wall and inverted position suggest that at the time of 
its detachment the dough-like mass was still rising, or in some 
8ort of motion at least, in the dike-fissure. 
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44 1 myself observed similar horses of the wall rock, of small 
size, similarly imbedded in the mineral, at several points.” 

The density of a mass of the mineral was found to be 1.145. 
The horizontal extent of visible outcrop actually measured by 
me was five hundred and thirty fathoms, thinned out at east 
end to thirty inches, and at west end to eight inches ; but as 
these points were at least seventy to eighty fathoms vertically 
higher than the bottom of the ravine, the width (averaging 
about fifty inches) at the latter depth points to a rapid widen- 
ing of the fissure in descent. Allowing a uniform width of 
forty inches at the level of the bottom of the ravine, with the 
longitudinal extent measured, and with the above density ; 
each fathom in depth at this level would contain two thousand 
tons. The depth to which it may extend is of course wholly 
unknown ; but if the view I have provisionally adopted of 
the way in which this dike has originated be correct, it follows 
that it must widen in depth. This view I would present as 
follows : 

By the action of heat upon strata of rock, containing fossil 
matter, and^he pasty fusion of this fossil substance, and the 
partial gasefaction of itself and its contained water, with the 
uncontrollable expansion resulting therefrom, there has been 
opened a fissure through which the doughy mass, puffed up by 
bubbles of steam and other gases, escaped to the surface, or at 
least near enough to the surface to relieve the tension, and 
allow the steam and gases to escape gradually through the 
porous sandstone. 

This hypothesis of mine seems the only one which recon- 
ciles an important difficulty besetting the other hypothesis 
(namely, that which creates a fissure originally filled with 
liquid petroleum, that has undergone 44 inspissation” from sur- 
face agencies) ; that is, the interference of water, which must 
necessarily have filled a preexistent fissure, and opposed an 
obstacle to the subsequent infiltration of another fluid, at least 
if the latter were impelled by gravity alone. The supposition 
that the fissure itself was formed simultaneously with, and by, 
a fluid mass, containing within itself its own elastic expansive 
force, escapes this difficulty. I may also point out that it is 
not necessary to suppose that the heat which produced this 
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expansive force was the central heat of the earth; for it is 
more probable that both the steam or gases, and the *heat 
which expanded them, arose from a spontaneous decomposition 
(of the nature of fermentation) in the bed of fossil matter 
from which the grahamite exuded. 

The view will occur that these original beds of fossil matter 
are beds of bituminous coal, as such coals without doubt 
underlie the locality. The only present support for such an 
idea, so far as I know, is the extraordinary statement of 
Lesley, made on the oral authority of Professor Hall (see 
Lesley’s Manual of Coal and its Topography, p. 165), of a 
“leader of coal” proceeding from a coal bed downwards into 
a limestone quarry, and there spreading out into a layer. 

Chemical and Mineralogical Characters. This mineral is, in 
its actual identity or individuality, not only new, but cannot 
even be dossed with certainty as yet, with any other mineral 
substance heretofore known and investigated by chemists. It 
is in its behavior with solvents especially, as well as with 
some other chemical agents, that those peculiarities are found, 
which establish it as a substance sui generis. 

To tiie action of acids, alkalies and oxidating agents gener- 
ally, it is quite indifferent. Concentrated boiling nitric and 
muriatic acids, and even aqua regia , have no action whatever 
upon it ; nor has boiling sulphuric acid, if somewhat diluted. 
Oil of vitriol, however, even in the cold, forms a brown solu- 
tion. The most concentrated caustic alkaline solutions are 
totally without action upon it. 

Alcohpl does not dissolve a trace of it. Naphtha, benzole and 
ether dissolve part of it ; oil of turpentine gradually swells it 
up into tar-like magma, and then dissolves most of it ; but its 
true solvents are chloroform and sulphuret of carbon , each of 
which apparently dissolves nearly the whole mass of the min- 
eral with great rapidity, leaving nothing except the mineral 
matter (ash, = by analysis, about two per cent.), and some 
small proportion of coaly matter. 

When heated in the open air it endures a temperature far 
above that of the fusing point of asphalts (which is usually 
below, and never much above, the boiling point of water) 
without change ; but when heated above 400° F. it begins to 
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decrepitate, smoke and soften, behaving very much like a 
highly caking coal. 

The vapor given off under these circumstances I have found 
to be chiefly Water. There is little or no smell, such as all 
asphalts give out when heated, and I may remark that no odor 
is given out when this mineral is broken, rubbed or scraped, or 
even from a mass of it lying in hot sunshine. The argument 
deducible herefrom, that it never could have been produced by 
the atmospheric oxidation of any other substance, and more 
particularly of petroleum, will be appreciated by chemists, at 
least. If the heat is now raised still higher, empyreumatic 
vapors appear, and indications of pasty fhsion in the central 
and lower portions of the mass, though not upon the upper 
surface ; the fact being that under ordinary atmospheric pres- 
sure the material is incapable of fhsion without decomposition*; 
but that under a very slightly increased pressure, even such as 
is developed by its own pasty cohesion at the caking temper- 
ature, a pitchy semi-fhsion takes place. While in this condi- 
tion the resinoid (or viscous) character of the material may 
be made strongly apparent, for by a little dexterous manipu- 
lation these central semi-fhsed portions of the mass may be 
drawn out into long, delicate threads, like semi-fhsed glass, 
sugar, or sealing wax. To my surprise I have found that by 
exceedingly careful manipulation with albertite, I could thread 
it out in the same way, though with far greater difficulty than 
with grahamite. 

From the above it is clear that the West Virginia mineral 
can neither be identified, nor even classed, with coal, asphal- 
tum, or albertite ; and I have hence thought it both admissible 
and just to perpetuate in connection with it the name of the 
gentlemen who have been so energetic in promoting a public 
knowledge of this new material; by conferring upon it the 
new name grahamite. 


The above statements were in substance comprehended in a 
pamphlet printed and privately circulated in the fall of 1865.* 

* An unsatisfactory account (to me) of this pamphlet was given in the American 
Journal of Science , xlii, p. 420; and Dana, In the latest edition of his Mineralogy, 
has adopted my name grahamite y although he still appears to take the view, which 
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It remains for me to present as concisely as possible, some 
of the results of my subsequent laboratory work upon gra- 
hamite, which, as before intimated, I am now preparing to ex- 
tend farther. 

The most important development made up to this time, has 
been the decomposition of grahamite (at least ninety-five per 
cent, of it) into two distinct resinoid substances, to which I 
have given, for reasons that will appear, the names Viscosine 
and Irisine . These are separated from each other by the 
action of solvents, - viscosine being readily soluble in ether and 
petroleum-naphtha. The crude irisine remaining after the ac- 
tion of one of these solvents may then be extracted pure by 
one of its solvents, among which are chloroform , bisulphide of 
carbon , oU of turpentine and benzole . The- dull compact core 
Of the grahamite-dike contains a much smaller proportion of 
viscosine than the lustrous penicillate portions nearer the walls. 

Ultimate organic analyses of grahamite, as a whole, have 
been made ; but for several reasons, especially because of my 
observations of its mixed nature, I attach no importance to 
them, and shall not quote them. Analyses of pure viscosine 
and pure irisine, however, would be of high interest, and will 
in due time be made. 

Properties of Viscosine . The liquid solutions formed by the 
action of a solvent of viscosine on the crude mineral possess 
a powerful olive-green fluorescence, exactly like that of many 
erode petroleums. The most lustrous samples of grahamite 
yield as much as twenty per cent. Dense solutions are as 
viscous as a thick syrup of glucose or a strong liquid glue. 

Solid Viscosine. This is a substance of a very peculiar com- 
bination of physical and chemical characters. Though acquir- 
ing, by semi-ftision, a ductility and viscosity comparable to that 
of shellac and some others of the true resins, it is wholly sep- 

I trusted I had overthrown, regarding the nature of the material, that it is 
“ supposed to be like the albertite, an inspissated and oxygenated petroleum.” 
Daea’s Mineralogy, p. 753). 

Since the date of the publication of the above pamphlet, a paper was presented 
to the American Philosophical Society (see its Proceedings for July 1868, p. 457), 
by Prof. 8 . F. Peckham, in which, without knowledge of the above, views are 
token singularly approximate to those I have expressed regarding the mode of ori- 
gin of minerals of this class. From recent correspondence with Prof. Peckham, 
1 learn that he will soon publish a paper, in which he himself points out this coin* 
ddencev-H .W. 
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arated from this class of substances by its chemical properties. 
Thus the most concentrated alkalies, even as fused hydrates, 
are wholly without action on it. Sodium remains indefinitely 
bright in a solution of viscosine in a liquid hydrocarbon, ben- 
zole for example ; whence it appears to be a hydrocarbon , and, 
I believe, the first example of a hydrocarbon possessing a 
resinoid viscosity. Probably its most peculiar conjunction of 
properties is that of its passage, within very narrow limits of 
temperature or permeation by a solvent, to a solid form in 
which it is excessively brittle and fragile. On solidification 
from fusion its surface is extremely brilliant. When heated, 
viscosine melts readily to a thin liquid and finally distils par- 
tially unchanged. In a current of superheated steam it may 
be distilled over without change, except a darkening in color. 
The crude oil obtained by distilling grahamite contains much 
of it, especially when superheated steam is used. Freshly 
obtained, by evaporation of its etherial solution, it has a dis- 
tinct balsamic odor, which after some time departs. In the 
mass it is brown ; in powder buff-color ; in thin layers nearly 
colorless. 

I believe that this viscous hydrocarbon occurs in crude pe- 
troleums, and I have obtained a product from gas-tar approach- 
ing closely to it. 

Irisine is inodorous ; invisible without decomposition (except, 
probably, under heavy pressure) ; black in the mass, and pure 
dark brown in powder. When permeated with a small quan- 
tity of a solvent it has no viscosity, but is rather gelatinous 
and elastic, or slightly India-rubber-like in consistence, and 
shrinks enormously, and cracks accordingly, in drying. 

It forms in solution in turpentine, chloroform, benzole, etc., 
very fine lustrous varnishes, which have the extraordinary 
property, when somewhat thinned, of always drying on pol- 
ished surfaces to a brilliant iridescence , the colors having a 
sort of metallic depth and body only to be compared with 
those produced by heat on polished steel, while much brighter 
than the latter. This property has led me to confer upon this 
characteristic, and main constituent of grahamite, the special 
name irisine. There is much more in it than the mere phe- 
nomenon of thin films. I should suggest an extraordinary 
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low refractive index for irisine, were this not difficult to rec- 
oncile with the fact I have observed that the presence of the 
minuted quantity of most other substances (viscosine ex- 
cepted) in the solution impairs or wholly destroys the colors. 
It seems to me rather to be intimately connected with the 
peculiar pure deep brown color of irisine (combined, it may be, 
with a low index of refraction), and I am strongly desirous of 
assistance in the matter from some gentleman experienced in 
optical researches. Of such I should first of all ask whether 
the formation, in such a thin brown transparent film, of innu- 
merable excessively minute fissures, seen against a specular 
background, could lead to the phenomena described ? I refer of 
course to the property of irisine, above pointed out, of shrink- 
age, in desiccation from the colloid condition. This hypothesis 
would accord with the observation of the destruction of the 
color by small quantities of fatty and other substances, acting 
by alteration of the peculiar condition of consistence of irisine. 
Experiments to test this could doubtless be devised. 

Another characteristic of irisine is that it is instantaneously 
altered mid precipitated (from its solution, as an insoluble modi- 
fication, by mere contact with a drop of sulphuric acid, and 
some other agents ; becoming thereby insoluble in oil menstrua 
yet tried. It may thus be prepared in a state of purity for 
analysis; and, moreover, as animal charcoal is one of the 
agents which have this power of modifying and precipitating 
irisine, while it has no. action (except a decolorizing one) upon 
solutions of viscosine, we have also here a means of obtaining 
the latter perfectly free from irisine for the same purpose. 

To the above strongly marked peculiarities of irisine, may 
be added its as yet almost unique conjunction of the proper- 
ties of high solubility (when in the soluble modification) in 
so many solvents, with high infusibility. The conjecture is 
offered that bituminous coals contain the insoluble modifica- 
tion of irisine, or of substances of its class as yet unknown. 
In this connection I would recall that petroleums, and even 
distilled coal-oils contain substances precipitated by acids, but 
not yet investigated. 

As to the composition of irisine, we have as yet no analysis. 
Experiments with sodium, which in time precipitates it com- 
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pletely from its solutions, would seem to indicate an oxygen- 
ated body ; but as minute quantities of alkalies, as well as 
acids, convert it into its insoluble form, this is inconclusive. 
In organic combustions, great difficulty will be found, as its 
coke swells up and is excessively hard of combustion. I pro- 
pose introducing it, however, into the combustion tube as a 
chloroform solutipn, in a sealed bulb, which may then be broken 
and the solution absorbed by the oxide of copper, the chlo- 
roform being of course removed before the combustion as 
vapor. 

The Insoluble Residue of Grahamite. This, which is very 
small in quantity, as left by exhaustion with chloroform, was 
kindly examined for me with the microscope by Dr. John 
Torrey. He reported that there was no trace of organic 
structure and it appeared to be mainly quartz sand. 

Comparisons with other Substances . From all such, graham- 
ite readily separates itself. Most so-called asphalts (a term I 
should wish to confine to products of subaerial alteration of 
petroleums) differ from it greatly in their relations to solvents. 
Ether, for example, as stated by Boussingault, Dumas, and 
others, usually dissolves most of these. Still I believe that 
I have detected both of my new substances, viscosine and iri- 
sine, in some asphalts that I have examined. 

Also, the benzole solution of albertite, comprising usually 
about twenty per cent, of the mineral, I find to contain visco- 
sine, irisine, and another substance unknown as yet ; eighty 
per cent., however, of the albertite is insoluble under ordi- 
nary circumstances, and may, possibly, though not probably, 
be insoluble irisine, or a homologue thereof. I propose farther 
investigation into this matter, and especially analyses of the 
proximate constituents of the albertite as obtained by the 
agencies of solvents, the only analyses, it seems to me, likely 
to be of much value. 

Boussigault’s Caxitambite comes no nearer; nor Sterry 
Hunt’s bituminous veins ; nor “ Zopissa” (which latter I found 
to be a greasy variety of asphalt). 

The Colorado Dike. Four or five years since we began to 
hear of a curious formation in Colorado, believed to be alber- 
tite, which it very remarkably resembles in aspect. I was for- 
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tunate enough to obtain through the kindness of Dr. Newberry, 
from the collection of the Columbia College School of Mines, 
a sufficient sample of an authentic specimen of the Colorado 
mineral to enable me to determine the surprising fact, now 
announced by me for the first time, that this is also grahamite, 
chemically almost identical with that of the West Virginia 
dike. 

Its fracture is brilliant, but not so much so as albertite, 
and it is not penicillate like the glossy variety of grahamite. 
It contains scarcely any mineral impurity, dissolving wholly, 
without appreciable sediment, in chloroform, benzole, and oil 
of turpentine. Ether extracts about the same proportion as 
from glossy grahamite, with the same green fluorescence, and 
leaves, on evaporation, viscosine, identical in every way with 
that of grahamite. The residue from ether dissolves wholly 
in benzole, and gives all the reactions of irisine but is lighter 
in color, and the iridescences obtained are not so strong. Sul- 
phuric acid wholly precipitates this Colorado irisine. 

It may of course be anticipated that this highly character- 
istic species grahamite will be discovered elsewhere, two local- 
ities being already known, separated by the width of half the 
continent. 


4. Investigations of Flame Temperatures ; in their re- 
lations to Composition and Luminosity. By Ben- 
jamin Silliman and Henry Wurtz. 

First Memoir. — Calorific Powers or Effects of Gases. 

These subjects lie, in our belief, at the very basis of the true 
theory of the phenomena of luminiferous gases, and have 
practical bearings that can scarcely be overrated. 

In fact, our studies of the subject have led us in the direc- 
tion of the general conclusion that, all other conditions being 
equal, the temperature , in a given flame, is the main factor of 
luminosity. This, however, may as yet be regarded merely as 
a hypothesis ; in consequence of the imperfection of our present 
means of actual experimental demonstration of the tempera- 
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tures of flames. It is a hypothesis, nevertheless, which is in 
general accordance with known facts. By the spectroscope, 
for example, which can recognize only luminous rays, we find 
that the higher the temperature the greater the number of these 
luminous rays. The recent results of Frankland upon the 
development of luminosity by increased pressure, in flames 
which are non-luminous under atmospheric pressure, are in ac- 
cordance with this view ; increase of temperature necessarily 
following increase of pressure. 

Very vague views have been rife, even among chemists, with 
regard to the temperatures of luminiferous flames. Some have 
been satisfied with believing crude hypotheses ; such as that 
the heat-power of a flame is always proportional to the density 
of the gas or vapor undergoing combustion ; or that it is pro- 
portional to the amount of oxygen consumed by a given volume 
of the gas ; and so on. This latter hypothesis has been one 
of very common acceptation. A view which is even now en- 
tertained by some skilful chemists (than which, however, noth- 
ing, as will be shown below, could be more fallacious) is, that 
those individual gaseous compounds whioh impart the highest 
luminosity under ordinary conditions, are also the most pro- 
ductive of heat. 

The admirable researches of the great gas-chemist, Bunsen, 
of Heidelberg, placed in our possession some years ago the 
nfeans of computing, at least with approximate accuracy, the 
heat of flames of gases of known compositions. Few, how- 
ever, have properly and successfully applied Bunsen’s methods 
in practice. We consider it quite time that these methods 
should be introduced to the knowledge of Gas-Engineers, in 
forms available to them. 

Bunsen’s formulae for these computations are based upon 
the actual experimental determinations of the total amounts of 
heat developed by the combustion of different pure combusti- 
ble gases with pure oxygen, made by Favre and Silbermann ; 
and upon Regnault’s determinations of the specific heats of 
gaseous products of combustion. 

It is not to be maintained that Favre and Silbermaxn’s 
numbers are strictly correct, but they are doubtless approxi- 
mate, and at least proportionally correct among themselves. 
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At any rate, they are the best data we have. Those employed 
here are included in the following table. They are usually 
given in the text-books for equal weights of the gases, but we 
have reduced them to the standard of equal volumes also, as 
more suitable to our present purpose. This reduction is made 
simply by multiplying the equivalents for weights, by the den- 
sities as given in the third column. 


TABLE I. 



Total Calorific Equiva- 
lents. 

Densities 

on Scale of 


Of Equal 
Weights. 

Of Equal 
Volumes. 

Hydrogen 

= i. 

Hydrogen, 

34,462* C. 

34,462* C. 

1. 

Carbonic Oxide, 

2,403* “ 

33,642* “ 

14. 

Marsh Gas, 

13.063* “ 

104,504* “ 

8. 

Oleflan* Gas, ........ 

11,858* “ 

166,012* “ 

14. 


The meaning of this table is simply that equal weights of 
water would be heated by the several gases to temperatures 
proportional to the numbers in the first column, when equal 
weights of the gases are burned ; and proportional to those in 
the second column, when equal volumes are burned. 

A cursory glance at the figures in the second column of this 
table might seem to justify the notion hitherto entertained by 
many, of the comparatively low calorific powers of hydrogen 
and carbonic oxide, and it was doubtless as a consequence of 
such a comparison as this that statements have been put forth, 
and widely accepted among American Gas-Engineers, to the 
effect that the weights of water heated from the freezing to the 
boiling point by one cubic foot of the four main components of 
illuminating gas, respectively, are as follows : 

Hydrogen, 2.22 lbs. water 

Carbonic Oxide, ...... 2.16 44 44 

Marsh Gas, 6.17 “ 44 

Olefiant Gas, 10.74 44 44 

The figures here being obviously about in the same ratio as 

A. A. A. 8. VOL. XVHI. 18 
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those in the second column of Table I. Seyeral most grave 
errors, however, are here involved. . To get at the true relative 
calorific effects of the above gases, when burned in the open 
air, in heating water below its boiling point, deductions must 
be made, not only for the specific heats of the products of com- 
bustion of the gas, but also, more important stil'i, for the spe- 
cific heat of the nitrogen of the air required to bum the gas. 
In fact, when we consider that for each volume of oxygen re- 
quired to bum a given volume of gas, about fo'ir volumes of 
nitrogen must be heated up to the temperature of the flame, it 
becomes easy to conceive, what is actually the fact, that within 
certain limits the waste of heat due to this cause alone counter- 
balances altogether the advantage that would be supposed to 
result from the crowding of combustible matter into so con- 
densed a form as in the illuminating hydrocarbons. An inev- 
itable result of our investigations of this matter, is that the 
heating powers of the flames of pure hydrogen and pure olefi- 
ant gas, even when used to the greatest advantage, to heat 
water below its boiling point, are almost or quite identical. 

In this discussion we have occasion to use the numbers 
representing the specific heats of but three gases, the three, 
namely, which remain after complete combustion, steam , car- 
bonic acid and nitrogen; as we must assume that in the hottest 
and most luminous zone or shell of the flame, there is no oxy- 
gen in excess to be heated. These three numbers are, accord- 
ing to Regnault’s latest determinations, for equal weights of 

Steam 0.4805 


Carbonic acid 0.2163 

Nitrogen . 0.2438 

{Liquid water being 1.0000) 


That is, the amount of heat which would raise one pound of 
water and steam to the same degree are in the ratio of 0.4805 
for the pound of steam and 1. for the pound of water. 

Calculation of the Calorific Effect of Hydrogen Burning in Air. 

Let us take, first, the simplest case possible, that of hydro- 
gen with exactly the right admixture of pure oxygen to bum 
it, which, by Table I, develops a total heat of 34462° C.; that 
is, would heat a certain weight of liquid water to this tempera- 
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tore. In order to find the actual amount of heat contained in 
the products of combustion, we must first take into account 
the fact that one pound of hydrogen bums to nine pounds of 
steam, and then obtain the ratio between the above number, 
34,462, and the amount of heat necessaiy to heat nine times 
the weight of steam, that is nine times the specific heat of 
steam. Calling the total residual heat in the produced steam 
x , we have the simple proportion : 

9X(3p. heat of Steam = 0.4805) : 34402:: (Sp. heat of Water =1) : a;; 

or, x = = 7969° C.* = 14376° F.; 

4.3245 

a number which, we may add, represents the maximum of heat 
capable of being imparted to liquid water by the flame of 
Hare’s oxyhydrogen blow-pipe. 

Still, we have by no means here the actual temperature of 
the free or open flame of Hare’s blow-pipe ; which is greatly 
lower than this figure ; as we have not yet taken into account 
the “ latent heat,” or heat of vaporization, of the nine pounds 
of steam formed. The Centigrade temperature necessary to 
convert one pound of water into steam being 537° ; to get 
the actual temperature of the oxyhydrogen flame, we must 
modify the above equation, so that 

x = ^.T^XW? 0 ) — 6851° C. = 12364° F. 

4.3245 

which is the temperature actually possible in the flame of the 
compound blow-pipe, were the- combustion instantaneous and 
complete . 

When hydrogen gas burns in air , however, as has been be- 
fore stated, another deduction of enormous amount must be 
made from the above figures, due to the heat required to ex- 
pand the nitrogen. This is obtained simply by adding to the 
divisor, as above, the weight of the nitrogen of the air em- 
ployed, multiplied by its specific heat. The weight of the 

"Bunsen, in his Gaaometry (English edition of 1857, p. 242), gives this number 
m 8061* C., the dim rence being due to the use by him of a different number for the 
specific heat of steun, namely, 0.475, apparently an earlier determination of Reg- 
fault. Bunsen makes here the singular oversight of regarding this figure as the 
temperature, when “ the gases can freely expand, as is the case in an open flame,” 
overlooking the correction necessary in this case for the latent heat qf steam qf 
combustion, as la explained in the text above. 
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nitrogen in air =3.318 times the oxygen ; so that the latter of 
the above equations becomes 


x 


34462" — (9 X 537") 
4.3246 + (8 X 8-818 X 0.2438) 


= 2744.5° C. = 4972° F. 


[We wish to point out that we have here a Ml explanation 
of the extraordinary rate of degradation of illuminating gas 
by admixture of air, which we have discussed elsewhere. The 
nitrogen of such air is not merely a diluent, or even a mere 
deductive quantity ; its specific heat is an actual divisory func- 
tion in diminishing the flame temperature.] 

This, then, is the actual temperature which the flame of hy- 
drogen gas burning in the atmosphere might attain to, suppos- 
ing complete and instantaneous combustion. If it is desired 
to obtain instead, the total calorific effectiveness, as in heating 
water below its boiling point — in which case the latent heat of 
the steam of combustion becomes also available — the above 
expression is changed by simply omitting the subtrahend in 
the numerator : 

X _ 84402* _ g 192 o £ _ 577 go F 

4.3245 + 6.4714 


Calculation op the Calorific Effect of Carbonic Oxide Burning in Am. 


As the product of combustion is here solely carbonic acid, no 
latent heat of steam enters, and the calorific effectiveness is 
the same, under all circumstances, in air. In the numerator 
we substitute of course the calorific equivalent of one volume 
of carbonic oxide from Table I ; and in the denominator, for 
the specific heat of nine pounds of water, that of twenty-two 
pounds of carbonic acid, being the weight of the latter formed 
by the combustion and combination of fourteen pounds (weight 
of a volume of carbonic oxide on the hydrogen scale by third 
column of Table I.) of carbonic oxide, with eight pounds of 
oxygen. The number for the specific heat of nitrogen is the 
same as before, and the equation is now 



38642* 

(22 X 02163) + 6.47=11.23 


= 2996° C. = 5425°JF T . 


Marsh Gas and Olefiant Gas. 

In these two cases, we have as products of combustion both 
carbonic acid and water; and, therefore, when the calorific 
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effects are sought for, we have not only the latent heat of steam 
entering as a subtrahend into the numerator; but also into 
the denominator, as divisors, all three of the specific heats of 
steam, carbonic acid and nitrogen. 

Then, as eight pounds of marsh gas consume thirty-two 
pounds of oxygen, and produce twenty-two pounds of carbonic 
acid, and eighteen pounds of steam ; and as fourteen pounds of 
olefiant gas consume forty-eight pounds of oxygen, producing 
forty-four pounds of carbonic acid, and eighteen pounds of 
steam, the equations for the calorific powers of their flames in 
air become — 

For marsh gas : 


104804* — (18. X 637*) 


(13. X 4805) + (22. X -8168) + (82. X 8X18 X-8488) 

And for olefiant gas : 


= 2414° C = 4386° F. 


168012* — (18. X 887*) 


(18. X -4805) + (44. X -8163) + (48. X3X18 X -8438) 


= 2743 C.=4970°F. 


The following Table gives all the results of our calculations 
by the above methods. 


TABLE II. 


Fob Equal Volumes of the 
Oases Burning in Air. 

Calorific Effects 
in Heating Liquid 
Water. 

Calorific Effects 
above 100° C. 

Centigrade 

Degrees. 

Fahrenheit 

Degrees. 

Centigrade 

Degrees. 

Fahrenheit 

Degrees. 

f (8p. Heat HO = .4805) 

8192* 1 

8778* 1 

2744* 1 

4971* 1 

Hydrogen J (Sp. Heat HO = .4750) 

3204* l 

5799* l 

2768* l 

4991* l 

[(Mean, 

8198* J 

6788* J 

2749* J 

4900* J 

Carbonic Oxide, 

2996* 

8425* 

2996° 

8425* 

Ranh Gas, (Sp. Heat HO = .4805) 

2680* 

4820* 

2414* 

4886* 

defiant Gas, “ “ .4805) 

2916* 

6481* 

2748* 

4970* 


Computations of Calorific Effects of Mixed Gases. 

The above Table renders the calculation of the calorific 
effects of any given gaseous mixture, whose centesimal compo- 
sition is known, a matter of extreme simplicity. It is only 
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necessary to obtain the sum of the multiples of the percentage 
of each component gas into its calorific capacity, as given in 
this Table, and divide by 100. 

To serve as examples of these modes of computation, we here 
cite, in tabular forms, the results of some analyses of a num- 
ber of gaseous mixtures made by us during the past winter 
(1868-69). [These analytical results, it may be remarked, 
possess points of novelty and importance, both scientific and 
practical, which will bring them up again hereafter, in other 
connections. They are here placed on record.] 

Table HI, gives the results of two analyses of gaseous mix- 
tures obtained by passing steam superheated to incandescence 
upwards through a mass of anthracite coal heated to a high de- 
gree in a clay retort of a novel construction, according to what 
is now known as- the Gwynne- Harris, or American Hydrocar- 
bon-Gas System . In this table the results are calculated with- 
out carbonic acid and sulphuretted hydrogen, which, with 
traces of nitrogen, and sometimes of oxygen, are found in the 
unpurified anthracite gas. 

TABLE III. 

ANALYSES OF ANTHRACITE HYDROCARBON GAS: 


By SILLIMAN and wtjbtz. 



1. 

3. 

Mean. 

Hydrogen, 

60.43 

59.33 

59.87 

Carbonic Oxide, 

36.44 

37.14 

86.39 

Marsh Gas, 

4.13 

8.54 

3.84 


100.00 

100.00 

100.00 


In Table IV, column (1) gives the results of an analysis of 
the street gas served out at this period by the New Haven Gas- 
Light Co., made from Westmoreland coal enriched with about 
six per cent, of albertite. Column (2) exhibits the mean of 
four analyses of the completed Hydrocarbon Gas, made by ns 
at Fair Haven during the same time by combining gas from the 
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same Westmoreland coal (with ten per cent, of albertite) with 
half its volume of the anthracite gas. 

Columns (3) and (4) are obtained from (1) and (2), by cen- 
tesimal reduction, after deduction of the illuminant ingredients, 
being what we propose to designate as the non-illuminating 
substrata of illuminating gases. 


TABLE IV. 

ANALYSES OF ILLUMINATING OASES! 

Bt SILLIMAN and wurtz. 



(1) 

(20 

(3.) 

(4.) 

* 

New Haven 
City Gas. 

Fair Haven 
Hydrocarbon 
Gas. 

Substratum 
of New Haven 
Gas. 

Substratum 
of Fair Haven 
Gas. 

Hydrogen. . . 

43.58 

46.77 

46.79 

50.27 

Carbonic Oxide, 

2.14 

9.56 

2.31 

10.27 

Harsh Gas, . . 

47.42 

86.71 

00.90 

89.46 

Dlnmiiiants, . . 

6.86 

6.96 




100.00 

100.00 

100.00 

100.00 


Table V. gives the results of the computations, from our 
formulae , of the calorific powers of these five gaseous mixtures, 
for communicating temperatures both above and below that of 
aqueous ebullition. We should remark that we have here been 
obliged to regard the volumes of iUuminant hydrocarbons as 
representing olefiant gas solely ; both because we have no cer- 
tain data as to their real nature, and particularly because, if 
we actually knew, or should assume, the nature of the hydro- 
carbon vapors present, still we have no experimental calorific 
equivalents, as we have for olefiant gas, from which to start, in 
such a computation. We have reason to believe that the errors 
thus introduced are not important in amount. 

The last two columns of Table V. have been calculated to 
furnish a direct comparison, for each of these gases, of its 
calorific power compared with that of the New Haven street 
gas, the latter taken as = 100. 
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TABLE V. 

CALORIFIC EFFECTIVENESS OF GASEOUS MIXTURES,* COMPUTED FROM THE 
FORMULAE AND ANALYSES OF 

SILLIMAN AND WURTZ. 



mu 

Weights of 
Water Equally 
Heated Above 

100° C. by Equal 

Volumes. 

First Column 
reduced to 
New Haven 
Gas - 100. 

Second Column 
reduced to 
New Haven 
Gas - 100. 

Anthracite Gas, . . 

3100 

2823 

104.2 

109.2 

New Haven Gas ; ) 

Substratum , ) 

2917 

2581 

98.1 

99.6 

Fair Haven Gas ; ) 

Substratum , ) 

2902 

2640 

99.6 

102.0 

New Haven Gas; ) 
with Illuminants > 
assumed = Olefiant, V 

2974 

2592 

100.0 

100.0 + 

Fair Haven Gas; ) 
with Illuminants > 
assumed = Olefiant, ) 

2959 

2647 

99.5 

102.1 


Conclusions . — Some of the practical conclusions to which 
we are of necessity compelled, by the results of the above in- 
vestigations, are so novel and remarkable, that we feel diffident 
regarding them. It is, however, always safe to follow the lead- 
ing of Truth, however astray she may lead us from our precon- 
ceived notions. 

It is apparent from Table II : 

1. That of all known gases, the highest calorific effects, 
under ordinary atmospheric conditions, are obtainable from 
carbonic oxide; whose calorific value, above 100° C., is about 
3000° C. 

2. That in absolute calorific value, below 100° C., in the at- 
mospheric medium, hydrogen surpasses its volume of any other 
gas ; giving a temperature of about 3,200° C . 

3. That for all modes of application — that is, for producing 
both high and low temperatures — the total maximum calorific 
effectiveness of carbonic oxide is a constant quantity .* 

•Metallurgists, especially, will appreciate the suggestive import of the truths 
presented under the first and third heads; here enunciated, as we think, for the 
first time. It is to be noted that all the above effects belong to the maximum kind, 
and, of course, reach their development only under the most favorable conditions 
in each case respectively. 
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4. Compound condensed submnltiple volumes of hydrogen, 
like that in marsh gas, have much less total calorific value in 
air than their volume of free hydrogen. 

5. Condensed compound submultiple volumes of gaseous 
carbon, like that in olefiant gas, have no greater total calorific 
value, in air, below 100° C., than their own volume of carbon 
gas in the form of carbonic oxide ; while above 100° C., their 
value is even considerably less. 

The above investigations of calorific powers has been found 
by us a necessary preliminary to a more important and far 
more difficult experimental investigation of the subject of 
Flame Temperatures , which we have in progress, and upon the 
condition of which we hope to report at an early day. As it is 
My recognized now (from the results of Bunsen, Bebthelot, 
Deville and Debbat, and others) that in no. body of burning 
gases, at any one time or place, does the entirety of the com* 
bustible constituents enter at once into the combustion ; it is 
clear that the actual maximum temperatures, or calorific inten- 
sities of the flames of the above gases can in no case be so 
high as the figures established as above, by us, for their total 
calorific powers . Conditions enter here which render this 
problem one of the most complex and difficult that has yet 
been attacked by chemists. 


5. On Some New Properties op Phosphoric Acid. By E. 

N. Horsfobd of Cambridge, Mass. 

It has long been known that phosphoric acid exists in three 
well marked modifications, distinguished as 

Ordinary Phosphoric Acid, 

Pyrophosphoric Acid, and 
Metaphosphoric Acid. 

The first combines with three atoms of base, the second with 
two atoms, and the third with but one. To Dr. Clarke of 
Aberdeen we owe the discovery of pyrophosphoric acid, and to 
Prof. Graham, of the Royal Mint, the discovery of metaphos- 
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phoric acid and the clearer definition of the characteristics by 
which the three acids are distinguished from each other. To 
Fleitmann, Henneberg and Maddrel are we indebted for a large 
addition to our knowledge of phosphoric acid, and especially 
of metaphosphoric acid. These chemists have presented us a 
series of metaphosphoric acids, which in their salts may be 
represented 

MeO. Po 6 

2 MeO . 2 Po 5 

3 MeO. 3 Po 5 

4 MeO. 4 Po s 

6 MeO. 6 Po 6 

and an acid of the constitution 6 MeO. 5 Po B . 

Dr. Clark long ago pointed out that ordinary phosphoric acid 
in solution concentrated till its temperature rose to 215° C 
was converted for the most part into pyrophosphoric acid. 
The same acid may be produced by ignition of tribasic phos- 
phate of soda, and the metaphosphate by ignition of microcos- 
mic salt — tribasic phosphate of soda, ammonia and water. 

In these latter cases of conversion by heat, the characteristic 
acid was determined by the measure of fixed base present. 

To these laws I have to add two more : 

First, That whatever the relation of fixed base to acid is be- 
tween one and three of base to one of acid, on ignition the 
acid potentiality subsides precisely to the horizon of the fixed 
base present. 

Second, That within certain limits, greater, however, than 
these, that is, containing less than one of base to one of acid, 
this metamorphosis may take place when the base is lime by 
simple diying at ordinary temperatures; thus, for example, 
one of base to one of tribasic phosphoric acid, allowed spon- 
taneously to dry by evaporation, will become the uniting equiv- 
alent of the base present — that is, the salt will become inert. 

These two laws I discovered several years since, and desire 
to place them on record, as a duty to myself, although I am 
not prepared to present the fall evidence which justifies the 
announcement. I may state, however, as a general illustra- 
tion, that I have prepared an acid phosphate in crystalline form, 
in which the acid exceeded the ratio of one of tribasic acid to 
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one of base, and have observed that whereas it had at the time 
of its preparation an acid strength which I will indicate by 
100. A few days later its acid strength has fallen to 90 ; later 
still to 80 ; later still to 70 ; later still to 5p ; a year later to 0. 

This acid, however, in contact with water, after a long time 
resumed its Ml energy, and in contact with a solution of soda 
resumed it with much greater rapidity. 


6. Phosphoric Acid, Iron and Potassium, Constituents op 
Chlorophyl. By E. N. Horsford of Cambridge, Mass. 

At the meeting of the Association at Chicago, I announced 
the discovery of phosphoric acid as a constituent of the ethe- 
rial solution of butter. 

As the butter is derived from the food which the cows re- 
ceive, the suggestion that it might be found in the ethereal 
solution of grasses and clover was natural. These were 
treated with ether, the solution, after two or three days, poured 
off and spontaneously evaporated to dryness. The residue was 
ground intimately with several times its volume of magnesia, 
previously demonstrated to be free from phosphoric acid ; the 
mixture burned to whiteness and tested with nitric acid and 
molybdate of ammonia. This gave at once the characteristic 
yellow precipitate of phospho-molybdate of ammonia, thus 
proving the presence of phosphoric acid in the chlorophyl. 
The phosphoric acid was also determined as phosphate of 
ammonia and magnesia. 

The chlorophyl was also treated directly with nitric acid, 
and where the ether had evaporated, and the wax-like body 
separated, to float on the surface of the liquid. Molybdate of 
ammonia gave from the solution the yellow precipitate, indi- 
cating the presence of phosphoric acid. 

The readiest method for recognizing the phosphoric acid is 
to agitate the ethereal solution of chlorophyl with one-fourth 
its volume of concentrated muriatic acid, which resolves the 
green into two layers, one the blue below, the other the yellow 
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above, as observed by Payen ; and then separate the bine by 
dialysis into water containing a trace of ammonia. This 
liquid on the addition of nitric acid and boiling for a moment, 
gives, with molybdate of ammonia, the characteristic reaction 
for phosphoric acid. With snlphate of magnesia and ammo- 
nia, it gives the characteristic precipitate of ammonia-phos- 
phate of magnesia. 

From the same solution sulpho-cyanide of potassium gave 
the characteristic reaction for iron ; and fero-cyanide of potas- 
sium gave with proper dilution at first only a green shade, 
becoming after exposure to the air for some time, Prussian 
blue, thus confirming the discovery of Verdeil of the presence 
of iron in chlorophyl. The flame of the chlorophyl residue 
gave with the spectroscope the red and blue lines of potas- 
sium. This observation^ conducted with great care with the 
aid of Prof. Winlock and Prof* Watson, was so many times 
repeated as to leave no room for doubt on the point. 

The examination for phosphoric acid was continued in the 
chlorophyl of the leaves of Indian corn, of the potato, of 
melons, squashes, sunflowers, the pear, cherry, apple, the Vir- 
ginia creeper, the westeria and bignonia, the ash, elm, maple, 
oak, sumach, many varieties of shrubbery and flowering plants, 
the arbor vitae, numerous fresh and salt water plants and 
indeed of most of the varieties of green vegetation that were 
accessible. Phosphoric acid was found in all. The ethereal ex- 
tract of the larvae feeding on the elm, which was fbr the most 
part chlorophyl, contained phosphoric acid. 

It was noticed that the chlorophyl extract, when spontane- 
ously dried down gave in each case some shade distinguished 
on account of its brightness, or dullness, or perishability, 
when kept for a short time. 

In the ethereal extract of the colored petals of several culti- 
tivated flowers, I found no phosphoric acid. It was wanting in 
the blue blossom of cichory. In the red flower of the big- 
nonia it was found, but there seemed to be a certain quan- 
tity, small, but actual, of chlorophyl present. It was found 
only in traces in the extract of the purely red portion of the 
leaves of the coleus and zinnte. In the extract of the red 
leaves of ripening Indian com it was less and less, or wholly 
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wanting, and the same was time of the yellow autumn leaves 
of the oak, maple, sumach and numerous other colored leaves 
which were examined. 

While the green potato leaves yielded phosphoric acid in 
the ethereal extract, the white sprouts of potatoes grown in 
the dark did not contain it. 

A great variety of fungi (mushrooms, edible or otherwise), 
of white, red and yellow coloration beneath, for the most part 
yielded to ether an extract containing waxy or fatty bodies, in 
which phosphoric acid was found. 

The ethereal extract of English breakfast tea gave phos- 
phoric add, as did that of the wax of the bayberry, while that 
of bees 4 wax did not. It was not found in the ethereal extracts 
of white or brown muscovado or cane sugar, or cod liver oiL 
It cannot be doubted that phosphoric acid, iron and potassium 
are constituents of chlorophyl. 


7. Oh the Relation Between the Intensity of Light Pro- 
duced FROM THE C0MBU8TI0N OF ILLUMINATING GAS AND 
the Volume of Gas Consumed. By Benjamin Silli- 
man of New Haven, Conn. 

In photometric observations made to determine the illumin- 
ating power or intensity of street gas, it is the practice of 
observers to compute their observations upon the assumed 
standard of five cubic feet of gas consumed for one hour, and 
in the constantly occurring case, of a variation from this 
standard, whether in the volume of the gas consumed or in the 
weight of spermaceti burned, the observed data are computed 
by the u rule of three,” up or down, to the stated terms. The 
standard spermaceti candle is assumed to consume 120 grains 
of sperm in one hour, a rate which is rarely found exactly in 
actual experience. 

For example, a given gas, too rich to bum in a standard 
Argand burner at the rate of five cubic feet per hour without 
smoking, is consumed at the rate of &£ cubic feet to the hour, 
with an observed effect of 2Q handles power. This result, pre- 
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viously corrected by the same rule for the sperm consumed, is 
then brought to the standard of five cubic feet by the ratio 
3.5: 20 = 5: 28.57. 

The candle power of the gas is therefore stated as 28.57 
candles, and this result has been universally accepted as a 
true expression of the intensity of the gas in question, or the 
relative value of the two consumptions. 

In common with other observers I have long suspected that 
this mode of computation was seriously in error, as an expres- 
sion of the true intensity of illuminating flames, and that there 
were other conditions besides the volume of gas or weight of 
sperm consumed which must influence, and greatly modify the 
results. As most of these conditions are considered somewhat 
at length in a paper on Flame Temperatures , prepared chiefly 
from researches conducted by Prof. Wurtz and myself, and 
presented at the Salem Meeting of the Association, they need 
not be discussed in this connection. 

The results of many trials, made with the purpose of deter- 
mining the value of these photometric ratios, indicate clearly, 
that the true ratio of increase in intensity in illuminating 
flames is, within certain limits, expressed by the following 
theorem, viz. : 

The intensity of gas flames , i. e. illuminating power , increases 
(within the ordinary limits of consumption) as the square oj 
the volume of the gas consumed . 

As the first experimental demonstration of this theorem was 
made by Mr. William Farmer, the photometric observer at the 
Manhattan Gas Co.’s works in New York, I propose to speak 
of it as “ Farmer’s theorem.” I am also indebted to Mr. 
Farmer and to Mr. Sabbaton, the well known and courteous En- 
gineer of the Manhattan Gas Light Company, for the free use 
of their experimental data, and the permission to employ them 
in illustration of Farmer’s theorem. 

The fundamental importance of this new mode of computa- 
tion will at once appear, if assuming it, for the sake of illus- 
tration to be true, we apply it to the case already given above 
which then becomes : 

3.5, : 20 = 5, : 40. 

Showing an increase of about forty per cent, over the old rule 
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of correction. Let me see how far this theorem is sustained 
by the test of experiment. 

Experiment 1st. Two similar gas flames, one at each end of 
the photometer bar, were made to give exactly the same inten- 
sify of illumination. This was accomplished of course by 
placing the Bunsen disc midway between the two burners, 
and regulating the combustion until the disc was perfectly 
neutral ; the consumption being noted equal by two wet gas 
meters under the same pressure. The screen was then moved 
upon the bar to a point just four times as far from one flame 
as it was from the other, t. e., the bar being 100 inches the 
screen stood at 80, i. e., as 1 : 4. The light from the distant 
burner was then increased until the disc again showed an 
equality of illumination. On reading the rate of gas con- 
sumed by the two burners respectively, one gave 8.66 cubic 
feet and the other 7.82 cubic feet, or exactly double, or in 
other words the lights were as the square of the volumes of 
gas consumed, thus : 8.66 s : 7.32, = 1:4. 

By the old rule the intensity would have been estimated 
directly as the volume of the gas consumed, thus : 

3.06 : 7.32 = 1:2. 

Experiment 2d. The following results were obtained with 
the use of a standard Argand burner. The readings of the 
index meter, the gas consumed in cubic feet, and the ratio of 
the lights produced, are given in three columns, viz. : 


Index, 

.0550 

= 8.30 feet. 

= 1 

light. 

44 

.0725 

= 4.35 

44 

= 2.1 

44 

44 

.0856 

= 5.13 

44 

= 3.2 

44 

44 

.0926 

= 5.55 

44 

= 4. 

44 


In this series the lights increase in considerably higher ratio 
than is required by Farmer’s theorem, which demands 6.60 
cubic feet corresponding to a fourfold consumption, while the 
actual consumption was 1.05 cubic feet less than the quantity 
required by the theorem. 

Experiment 3d. The following series was obtained by an- 
other Argand burner. 


Index, 

.062 

= 3.72 cub. feet, = 

1 light. 

44 

.0814 

= 4.88 “ = 

2 “ 

44 

.1000 

= 6.00 “ = 

3 “ 

44 

.1203 

= 7.219 “ = 

4 “ 
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In this series the ratio is more nearly in accordance with 
the demands of the theorem, the intensity being still a little 
in excess of the squares of consumption (3.72 X2=7.44 in 
place of 7.219). 

The gas employed in these comparisons had a candle power 
of about 14 candles. 

Experiment Uh. Results obtained by a comparison of fish- 
tail burners, ratio as 4 and 9 feet respectively. 

A. Index, .0750 = 4.500 cub. feet. = 1 light. 

B. “ .1586 = 9.519 “ = 4 “ 

In this comparison the ratio falls but little short of the de- 
mands of the theorem. 

Experiment 5th. Comparison of fish-tail burners. 

A. Index, .086 = 5.16 feet. = 1.85, 

B. “ .1677 = 10.06 “ = 4. 

In this trial the departure from the requirements of the 
theorem is considerably greater than in any of the preceding 
experiments. But it appears that from some cause the ratio 
of the squares does not hold with gas of the power used in 
these trials (14 candles), where the consumption rises above 9 
or falls much below 8 cubic feet. This is undoubtedly con- 
nected with the well recognized faot, that there is for each gas 
a kind of burner and a volume of gas better calculated than 
any other, to develop its maximum intensity. 

Experiment 5th. This series was designed by Mr. Farmer to 
test by a direct comparison the value of the new as contrasted 
with the old method of correction. Both trials were made 
upon the same gas, the second observation following immedi- 
ately after the first and with the same candle, and therefore 
should give about the same candle power. 

1st Trial. Consumption of sperm 82.7 grains. 

44 of gas 5.004 cubic feet. 

Mean candle power (15 observations) 13.93 candles. 

2 d Trial. Consumption of sperm 32.2 grains. 

44 of gas 4.58 cubic feet. 

Mean candle power of 15 observations 11,8 candles. 

The above data calculated by Farmers theorem. 

5.004 cubic feet, and 82.7 grains give 15.15 candles. 

4.58 “ “ “ 32.2 u “ 15.09 44 

Difference, .06 44 
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Calculated by the old rule. 

5.004 cubic feet and 32.7 grains give 15.16 candles. 

4.53 44 44 4 4 32.2 44 44 1 3 .82 44 

Difference, 1.34 44 

It is obvious from the study of these results, that within the 
limits named the increase of intensity in gas flames, whether 
naked or Argand, is at a ratio certainly as great as the squares 
of the volumes of gas consumed ; and hence it follows that 
all the photometric determinations, which have been obtained 
by computation from volumes greater or less than the assumed 
standard of five cubic feet per hour, in the simple ratio of the 
volumes consumed must be considered as quite worthless, pro- 
vided the theorem of Farmer here announced is confirmed. 

It is evident also that this theorem applies with equal force 
to the weight of sperm consumed by the standard candle as 
to the volumes of the gas burned in equal times. 

With a view to test the theoreom of Farmer, I at once 
sought to apply it to the case of certain observations, I had 
made upon very rich gas obtained from cannel and other rich 
coals. The photometric power of these gases had been meas- 
ured in the usual way heretofore practiced by observers, by 
burning a less quantity than five cubic feet in the standard 
Argand and then computing up to a standard of five cubic feet 
by direct ratio. The results of this comparison appear to go 
far to confirm Farmer’s theorem. 

Peytona Gas . This gas was made from a coal of West 
Virginia, known as Peytona Cannel Coal. It was much too 
rich to permit the flow of five cubic feet from the 15 hole 
Argand burner, with a perfect combustion. The gas was there- 
fore reduced by mixture with a measured volume of street gas 
of known value and the illuminating power of the mixture 
having been carefully determined the value of the Peytona gas 
alone was readily calculated and fixed at 42.79 candles. The 
following trials exhibit the result obtained by burning smaller 
volumes of Peytona gas, and the values obtained by the two 
methods of calculation. 

Xo.l Argand burner consuming 5 cnbic feet per hour, mixed gas =42.79 candles. 

* " “ “ 3.24 “ “ 18.95 « 

3 “ •* it 343 « a 20.94 “ 

Here No. 1 represents very nearly the true illuminating 

A. A. A. 3. VOL. xvm. 20 
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power of the gas, and may be assumed as a fair criterion of 
the law under consideration. 

By Farmer’s Theorem . 

No. 2 becomes 3.24 2 : 18.95 = 5 2 : 45.12 candles. 

3 “ 3.48 2 : 20.94 = 5 2 : 43.22 “ 

By direct ratio ( old rule). 

No. 2 becomes 3.24 : 18.95 = 5 : 29.24 candles. 

3 “ 3.48:20.94 = 5:30.09 “ 

By this it appears that by the old rule, assuming the true 
candle power of the gas to be 42.79 candles, the two obser- 
vations, Nos. 2 and 3, are in error by about 30 per cent., while 
by Farmer’s theorem the error is reduced to 3 per cent, the 
former being too small and the latter too large. 

Albert Gas. The well known Albertite of New Brunswick, 
fhmishes a gas of remarkable richness. Its true candle power 
can be measured only by diluting it largely with street gas of 
known value, and calculating it from the determined intensity 
of the mixture. In this way the gas from Albertite is shown 
to have an intensity equal to 70.38 candles. The following 
results were obtained by consuming different volumes in the 
burners named. 

No. 1 Argand burner consuming 5 cubic feet = 70.38 candles. 

2 “ “ “ 2.25 “ = 16.39 “ 

3 ‘Scotch tip’ “ “ 3. “ = 25.25 “ 

By Farmer’s Theorem. 

No. 2 becomes 2.5 2 : 16.39 = 5 2 : 65.56 candles. 

3 “ 3 2 : 25.25 = 5 2 : 70.14 “ 

By simple ratio. 

No. 2 becomes 2.5 : 16.39 = 5 : 32.78 candles. 

3 “ 3 : 25.25 = 5 : 42.08 “ 

The differences from the assumed standard of 70.38 candles 
are as follows : 

By the old rule, No. 2 falls short 37.6 candles or 115 pr. ct. 
“ Farmer’s theorem “ “ “ 4.72 “ 7.1 “ 

“ the old rule, No. 3 “ “ 28.30 “ 67.25 “ 

“ Farmer’s theorem “ 44 44 0.24 44 0.34 44 

It will be observed that No. 2, in this series, represents a 
consumption considerably below the minimum which in most 
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cases experiment has shown to be the limit of the proposed 
theorem, namely : 3 cubic feet, while No. 3, which represents 
exactly this limit, brings the result within the range of experi- 
mental error — it being impossible to make two series of 15 
photometric observations which will accord more closely than 
these. 

Gas from the Ritchie Mineral . This gas was made from the 
mineral called Grahamite by Prof. Wurtz, and found in West- 
ern Virginia. 

The gas made from this mineral was too rich to burn in the 
Argand burner with 5 cubic feet per hour. 

1st. A mixture with Argand burner, and 5 cubic feet con- 
sumption. 

80 per cent, street gas = 15.11 candles. 

20 “ “ Ritchie “ = 31.76 “ 

100 “ “ Mixture = 18.44 “ 

18.44 — 15.11 X 80 , io . . 0 - 

b 18.44 = 31.14 candles. 

20 1 

2d. A mixture with Argand burner, and five cubic feet con- 
sumption. 

78 per cent, poor gas = 13.72 candles 
22 “ “ Ritchie = 31.01 “ 

100 Mixture = 17.53 “ 

»*»— u-mxib + 17>532 = 81 .06. candles. 

3d. Ritchie gas burnt with Scotch tip, and 5 cubic feet con- 
sumption, gave 30.01 candles. 

4th. Ritchie gas, with Argand burner, and 4.056 cubic feet 
consumption, gave 19.24 candles, and for 5 cubic feet con- 
sumption, by squaring, 29.32 candles, and by old rule, 23.71. 

No doubt the consumption here was too much for the Argand 
burner, as the illuminating power falls off somewhat from the 
preceding trials. 

5th. Ritchie gas with Argand burner, and 3.876 cubic feet 
consumption, gave 18.66 candles ; and for 5 cubic feet con- 
sumption by squaring 31.05 candles; and by the old rule, 
24.07 candles. 

6th. Ritchie gas with Argand burner, and 3.828 cubic feet 
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consumption, gave 1879 candles; and for 5 cubic feet con- 
sumption by squaring 32.05 candles ; and by old rule, 24.54 
candles. 

Mean of the 1st and 2nd tests by mixing = 81.40 candles. 

“ “ “ 4th, 5th and 6th teste by squaring = 90.80 “ difference .60. 

“ “ “ 4th, 5th and 6th tests by old rule =24.10 “ “ 7.30. 

These results show plainly that the new theorem brings all 
the tests very near to the true illuminating power ; certainly 
much nearer than the old rule. 

Wollongong Gas. This gas was obtained from wattongon- 
ite , a new carbohydrogen described by me in the number of 
Silliman’s Journal (for July, 1869), as coming from Australia. 
Its illuminating power was determined by mixing 10 per cent, 
of the gas with 90 per cent of street gas. But this mixture 
was still too rich to burn 5 cubic feet in the Argand standard 
without smoking, and even when burned at this rate in a fish- 
tail burner the flame was somewhat smoky and inclined to 
“ tail off.” I have, therefore, little doubt that its true candle 
power is more nearly 142 candles, than to 132, as stated in the 
article referred to. We quote, however, the observations made, 
as follows : 

1 fish-tail burner consuming 5 cubic fee t gave 182.94 candle power. 

2 « “ “ 1J5 “ “ 12.89 “ « 

Computing the second observation we have : 

By Farmer’s theorem for No. 2, 143.22 candle power. 

“ direct ratio “ u 42.96 u “ 

This is an extreme case in which the volume of gas con- 
sumed in the second observation is far too low, but it is clear 
that by the old rule the result coming from the consumption of 
so small a volume of gas is perfectly worthless, while by Farm- 
er’s theorem the difference of 10.28 candles is within 7.7 per 
cent., and if the true intensity of this remarkable gas is 
placed, as there is good reason to believe it should be, at 142 
candles, the agreement in the two observations is absolute. 

Every photometric observer can confirm the results here 
given by reference to his own records of former observations, 
or by direct experiment designed to test the accuracy of the 
theorem now announced. 

In Sugg’s’ Gas Manipulation (London, 1867), p. 64, will 
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be found the following results from an experiment designed 
to illustrate the unfitness of the rule-of-three for calculating the 
illuminating power of gas, when using any other consumption 
than 5 cubic feet per hour. 

Argand Burner. 

1. 5. cubic feet = 14.00 candles. Differences. 


2. 

4.9 

u 

u 

Z= 

13.78 

u 

— 0.22 of a candle. 

3. 

4.8 

44 

u 

~ — 

13.74 

u 

— 0.26 “ “ 

4. 

4.7 

44 

u 

— 

13.30 

44 

— 0.70 “ “ 

5. 

4.6 

u 

u 

— 

13.04 

44 

— 0.96 “ “ 

6. 

4.5 

u 

u 

— 

11.93 

44 

— 2.07 “ u 


The foregoing demonstrates two facts ; first, that the Bir- 
mingham burner, even when burning the full quantity of 5 cubic 
feet per hour, does not show the true quality of the gas ; and 
secondly, the inapplicability of the rule-of-three for estimating 
the light given in proportion to the quantity consumed, other- 
wise the whole of the results would have been 14.00 candles.” 

The quality of this gas, as exhibited by Dr. Letheby’s 
burner, with 5 cubic feet consumption, and 120 grains of 
sperm per hour, was 15.50 candles. 

The mean candle power of the five last tests is 13.158 ; dif- 
fence, 0.84 parts of a candle. 

The mean candle power of the above tests, before they were 
corrected for five cubic feet consumption, will be as follows : 


1 . 

5. 

cubic feet 

— 

14.00 

candles. 

2. 

4.9 

44 

44 


13.504 

44 • 

3. 

4.8 

44 

44 

— 

13.190 

44 

4. 

4.7 

44 

44 

— 

12.502 

44 

5. 

4.6 

44 

44 


11.996 

44 

6. 

4.5 

44 

44 

= 

10.738 

44 


The above corrected for five feet consumption by Farmer’s 
theorem. 


1 . 

5. 

cubic feet 

— 

14.00 

candles. 

2. 

4.9 

44 

44 

— 

14.060 

44 

3. 

4.8 

44 

44 


14.312 

44 

4. 

4.7 

44 

44 

' 

14.148 

44 

5. 

4.6 

44 

44 

= 

14.191 

44 

6. 

4. 

44 

44 

— 

13.255 

44 


The mean candle power of the 5 last tests is 13.99 ; diflfer- 
0.01 parts of a candle. 
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The following will show the fractional power required to 
bring the five last tests to 14.00 candle. 


2 . 

4.9 1 -® : 

13.504 

: 5 1 * 88 

14.00 candles. 

3. 

4.8 1 ' 47 : 

13.190 

: 5 L47 

14.00 

M 

4. 

4.7^: 

12.502 

5 1 * 85 

14.00 

U 

5. 

4.6 1 -* : 

11.996 

: 5 1 - 86 

14.00 

U 

6 . 

4.5*^: 

10.737 

5 m 

14.00 

U 


The above shows that the 3rd and 6 th tests have not been 
good ones, or why should they differ so much from the one 
preceding them, the difference in consumption being only one- 
tenth of a foot? 

The 2d, 3d, 4th and 5th tests fall a little below the square 
or 2 d power, and the 6 th test is considerably more. 

The fractional powers of the 2nd, 4th and 5th are nearly the 
same. 

I have endeavored to apply this theorem to some of the re- 
sults recorded in the well known researches of Messrs. Au- 
douin and Berard,* but I find these results stated in a manner 
which renders it difficult to fix clearly the terms of compari- 
son. I venture, however, to append a few comparisons drawn 
from two of the tabular records of experiments with butterfly 
or bats wing burners of the “ fifth series ” which, so far as they 
go, lend confirmation to the views here presented. * 


Consumption of 
the Burners un- 
der trial. 

Consumption of 
the Bengel Ar- 
gand standard 
burner without 
cone, 8 inch 
chimney. 

Comparative 
intensities. 
The Bengel 
burner = 
100. 

Intensities by 
law of the 
squares of 
cons amp- 
tion. • 

Pressures. 

Cubic feet. 

Cubic feet. 




3.1079 

3.6024 

50 

103 

.23622 

2.4015 

3.5318 

40 

90.9 

.19685 

2.0131 

3.6024 

30 

96. 

.11811 


Burners of same series — slit ^ inch wide . 


3.9555 

3.6730 

80 

92.6 

.078474 

3.1786 

3.6730 

60 

80.7 

.07480 

2.6487 

3.6730 

50 

96.7 

.07480 

2.3309 

3.6730 

40 

97.5 

.03937 

1.5186 

3.6730 

20 

115.6 

.01968 


* Ann. de Ch. Et Phya., vol. lxy, p. 428, 1882. 
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The comparison of their results by this theorem, which gives 
reasonably exact results for consumptions which are not greater 
than that of the standard Bengel burner employed by them, 
fails when the consumption becomes greater than that of the 
standard. 

A comparison of the foregoing results will show that the co- 
incidences with the requirements of the theorem of Farmer are, 
within the limits assigned, too numerous, and too closely 
accordant, to be considered as otherwise than pointing clearly 
to its general truth. A rigorous demonstration cannot be ex- 
pected as there are too many variable functions of unknown 
value involved in the best methods at present known for pho- 
tometric measurements to permit more than an approximate 
proof of its general accuracy. Every photometric observer 
must recognize its importance and the necessity in his obser- 
vations of bringing the consumptions of gas and sperm to the 
agreed standard. 

To the consumer of gas the evident inference from the data 
here presented is that where it is important to obtain a maxi- 
mum of economical effect from the consumption of a given 
volume of illuminating gas, this result is best obtained by the 
use of burners of ample flow. 

Where a moderate light of equal diffusion is required over 
a large space, as in public rooms, it may be expedient to use 
numerous small jets ; but when the maximum intensity obtain- 
able from a given volume of illuminating gas is desired, inten- 
sity burners of large consumption are plainly indicated. 


8. On the Composition of the Acid Oxalates of Potas- 
sium, Ammonium and Sodium. By William Ripley 
Nichols, of Boston, Mass. 

Binoxalate op Potassium. 

The composition of this salt was formerly held to be ex- 
pressed by the formula* KO, C a Oq-\-Z H 0 (€ 2 KH + aq.) 

• On the authority of Graham, Phil. Tr. 1837, 50. 
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and this formula is still given by Gmelin, Watts, and others, 
as that of the commonly occurring salt. 

Rammelsberg, * on the other hand, describes the salt ob- 
tained by neutralizing a certain quantity of oxalic acid with 
carbonate of potassium, and adding an equal amount of oxalic 
acid, as corresponding to the formula 2 (ITO, CjOeJ+Sog. 
[4 (Q 2 KH& 4 )+aq.] 

Marignac,f having afterwards partially analyzed this salt, 
concluded that the correct formula was C 4 KH 0 8 (Q 2 KH& A ) 
and that the crystals contained no water of crystallization. 
He differed from Rammelsberg as to the system be which the 
crystals should be referred, and the latter afterwards; l acknowl- 
edges the correctness of Marignac’s views as to the crystalline 
form and, without repeating the analysis of the salt, seems 
satisfied to accept the formula assigned by Marignac. 

1 have prepared this salt in the manner indicated by Ram- 
melsberg, and find that its composition agrees with the formula 
originally given by him. 

Calculated. Found. 

i. n. m. iv. v. vi. vn. vm.Mein. 

2 188.44 35.53 35.55 35.05 35 JO 

4-€ a -0-« *88 00 54.29 55.35 55.67 55.76 55.76 

Sag. 54.00 10.18 10.16 10.39 10.58 10 J4 

530.44 100.00 

In these analyses I determined the potassium as carbonate 
by igniting a portion of the finely powdered crystals in a cov- 
ered platinum crucible, raising the heat very gradually in order 
to avoid loss by projection, to which, as Marignac hints, this 
salt is particularly liable. The oxalic acid was determined by 
titration with a solution of permanganate of potassium stan- 
dardized against pure oxalic acid. The hydrogen was deter- 
mined by igniting the salt in a combustion tube, in a stream of 
dry air, and collecting the water in a weighed chloride of cal- 
cium tube. 

Rammelsberg’s Marignao’s 

formula demands, own figures were. formula demands. own figures were. 

2 KO 35.53 36.41 35.22 35 .36 KO 36.78 36.35 (Mean of four.) 

2C 4 08 54.29 65 Jl 54.82 54.00 C 4 08 56.19 56.86 

Sag. 10.18 BO 7.03 

100.00 100.00 

* Pogg. Ann. XCHI, 24 (1854). 

fM4m. de la Soc. d. Phys. et d’Hist. Nat. de Genfcve, T. XTV, part I. (1855). 

t Supplement xu dem Handbuch der krystallographischen Chemie. Leipzio, 
1857, s. 81. 
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Had Marignac determined the hydrogen in his salt, he would 
have found his formula to be inadmissible. 

In regard to the ,acid oxalate described by Graham (loc. 
tit.),* it is extremely doubtful whether there be such a salt. 
Rammelsbergt doubts its existence, and I have myself been 
un-able to procure it. I added to a hot solution of a known 
quantity of oxalic acid, half the carbonate of potassium neces- 
sary to neutralize it. The crystals which formed in the hot 
solution (A), those deposited from the solution at the ordinary 
temperature (B), as well as those deposited when the solution 
was artificially cooled to a considerably lower temperature (C), 
proved to be the quadroxalate Q 2 KH & 4 , S 2 G 4 , -f- 2 aq. 

Found. 


4€*e. 

4 a?. 


Calculated. 


A. 


B. C. 

94.22 

18.54 

I. 

II. 

III. 

18.41 

i. n.' i. 

1853 

288.00 

56.67 

56.23 

56.52 


56.86 56.83 

54.00 1 

72.00 4 

24.79 

— 






*(€*^04, €*^-0-4, +2a«.) 508.22 100.00 


In these estimations the potassium was determined as car- 
bonate, by ignition, and the oxalic acid by titration, as in the 
preceding case. 

I analyzed several samples of commercial “binoxalate of 
potash,” but each sample proved to be quadroxalate. 


Binoxaultk of Ammonium. 

This salt was prepared by neutralizing a certain quantity of 
oxalic acid with ammonia-water, and then adding an equal 
quantity of oxalic acid. Analysis showed the composition of 
the salt to be 2 (€* (NH<) H& A ) + aq. 





Calculated. 


Found. 








I. 

n. ni. 

IV. 

Mean. 




52 

22.41 

— 

— 21.54 

— 

2154 




144 

62.08 

61.35 

6157 

— 

61.46 




18 

7.75 

— 



— 

B- 



aq. 

18 

7.76 

— 



750 

7.50 

HOt&njB&J+aq. 

232 

100.00 



t 


♦ ro 

Calc. 

3214 

4818 

1848 

Found. 
82X4 j 

i 

1 Graham deduced this formula from the amount of 
l carbonate of potassium left on ignition (47.45 per 


100.00 


| cent.). 






t Pogg. Ann. xcm, 24 (supra cit.). 
A. A. A. 8. VOL. XVin. 21 
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The formula usually given in text-books on chemistry 
(Gmelin, Watts, etc.), is C A (N H 4 ) H 0 g + 2 aq. G t (NH A ) 
H& A -\-aq., that is, with one more molecule of water than I 
find to be the case. For this formula the calculated percent- 
ages would be 


(i*rir 4 ),o 

52 

20.80 

20,0. 

144 

57.60 

ir.O 

18 

7.20 

2 aq. 

86 

14.40 

100.00 

250 



Anderson * says that the binoxalate of ammonium may be 
obtained by mixing equivalent quantities of chloride of ammo- 
nium and oxalic acid (regarded as monobasic ; C 2 0 8 , H 0 + 
2 aq. = 63), and gives as the formula 2 C* O s , NH a O , 2 HO 

He determined the oxalic acid alone, and, from the data that 
he gives, it would appear that, instead of the binoxalate, he 
really obtained the quadroxalate mentioned below. 

Percentage of 0 a -0-, 

in his salt. in the acid salt above. in the hyperacid salt below. 

61.92 62.08 61.80. 

I found that by adding a hot solution of 53.5 grm. (1 eq.) 
chloride of ammonium (NH A Cl), to a hot solution of 63 grm. 
(£ eq.) of crystallized oxalic acid (€ 2 H 2 & 4 -f- 2 aq.), there were 
deposited on cooling crystals of the hyperacid salt of the 
formula -6 2 (NH A ) #0 4 , 0 2 H 2 0 4 , -f- 2 aq. 

Calculated. Found. 

i. n. m. iv. v. vi. Mean. 

(NH a ) a -0 62 11.16 11.12 11.29 11.20 

40 4 O. 288 61.80 61.14 61.14 61.09 61.12 

3Ha0> 64 11.59 

4 a?. 72 15.46 15.81 15.81 

2 (0> (NB a ) JT04, 0a #. 04 , 4-2 aq.) 466 100.00 

In these analyses the ammonium was determined as chloro- 
platinate of ammonium, the oxalic acid by titration, and the 
water of crystallization by drying at 100° C., until the weight 
remained constant. 

Binoxalate of Sodium. 

Anderson (loc. cit.) says that, by dissolving equivalent pro- 
portions of oxalic acid (equiv. = 63) and chloride of sodium 
(equiv. = 58.5), in hot water, crystals of this salt are obtained 

*Qu. Jour. Ch. Soc. 1. 281 (1849). 
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on cooling the solution. He gives the formula for the same 
Na 0, 2 C s O s +4 HO [2 (*£, Na H&<) + 3 aq.'] 

I found that crystals of the binoxalate were deposited from 
such a mixture, but that they answered to the commonly re- 
ceived formula CiNaHO % -\-2aq. [€ 2 JV'a -f- aq.'] 



Calculated. 

Found. 


02 

23.85 

I. 

n. 


144 

65.38 

55.19 

55.84 

2 aq. $ 

54 

86.77 

— 

— 

H & Xaff & i + aq .) 

800 

100.00 




9. On the Solubility in Water of the Oxalates of So- 
dium, Potassium and Ammonium, at the ordinary tem- 
perature of the Air. By William Ripley Nichols. 

Ik determining the solubilities of the salts experimented 
upon, the method employed to obtain solutions, saturated at 
the observed temperatures, was as follows: — Considerable 
quantities of the salts operated upon, several times as much 
as would be likely to dissolve in the amount of water used, 
were put into glass-stoppered bottles, which were then half 
Med with distilled water, and placed in a pan of water so as 
to be immersed up to the necks. The operation was carried on 
in a room where the variation of temperature was slight, such 
variation being noted by means of a thermometer suspended 
in the pan of water. 

The bottles were shaken conscientiously at frequent inter- 
vals for two or three days, and, finally, portions of the solu- 
tions were filtered through dry filters, into tared flasks, and 
weighed. As a rule the thermometer had indicated a constant 
temperature for several hours previous to the filtration. 

The amount of oxalic acid in the weighed solution, was de- 
termined by titration with permanganate of potassium, stand- 
ardized against pure oxalic acid and from this result the 
amount of salt dissolved was calculated. 

In every case but one, the salts were prepared by myself, 
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and in every case the character and purity of the salt in ques- 
tion was ascertained by titrating a weighed portion of the dry 
salt with the standard solution of permanganate of potassium. 

Oxalate of Sodium. 

This salt was prepared by neutralizing a hot solution of 
oxalic acid with pure carbonate of sodium. The oxalic acid 
used in preparing this, as well as the other salts, left upon igni- 
tion 0.03 per cent. ash. 

Calculated. Found. 

i. n. Mean. 

62 46.27 

•0* O. 72 63.73 64.06 63.62 68.84 

134 100.00 

Solubility . — Temperature at time of filtration, . . 13° C. 

Temperature had varied during solution from 11° 
to 13.5°. 

100 parts of the solution saturated at 13° contain : 
i. n. m. Mean. 

3.063 3.066 3.047 3.059 parts of the crystallized salt. 

Or, 100 parts of water at 13° dissolve 3.156 parts of the crys- 
tallized salt. 

Or, 1 part of the crystallized salt is soluble in 31.6 parts of 
water at 13°. 

This agrees with the determination of Souchay and Lensen* 
who say that one part of the salt dissolves in 31.1 parts of 
water at 15.5°. 

Pohlf says that one part of salt dissolves in 26.7 parts of 
water at 21.8°. 


Binoxalate of Sodium. 

■Gj Na H -(- aq. 

This salt was prepared by adding 58.5 grm. (1 eq.) of 
chloride of sodium in solution, to a hot solution of 63 grm. 
(£ eq.) of crystallized oxalic acid, and recrystallizing the 
product deposited from the solution when cold. 

' * Ann. Ch. u. Ph. XCIX. 33 (1856). 

t Wien. Acad. Ber. VI. 696 (1861). 


Digitized by v^.ooQle 



165 


CHEMISTRY. 

Calculated. Found. 



69 

23.85 

I. 

n. 


144 

55.38 

55.08 

55.35 

8J5T*e 

54 

20.77 

— 

— 


260 

100.00 




Mean. 


56.29 


Solubility . — Temperature at time of filtration, . . 10°. 

Temperature had varied between 5° and 10°. 

100 parts of the solution saturated at 10° contain : 

i. n. m. Mean. 

1.40 1.39 1.55 1.45 parts of the crystallized salt. 

Or, 100 parts of water at 10° dissolve 1.48 parts of the crystal- 
lized salt. 

Or, one part of the crystallized salt dissolves in 67.57 parts of 
water at 10°. 

Souchay and Lensen (loc. cit.) say that one part of the salt 
dissolves in 60.3 parts of water at 15.5°. 


Oialati of Potassium. 

This salt was prepared by neutralizing a commercial sample 
of quadroxalate of potassium with carbonate of potassium and 
recrystallizing twice. 

Calculated. 

J 04.22 51.14 

€,6. 72.00 89.08 

-0- 18.00 9.78 

184.29 100.00 

Solubility . — Temperature at time of filtration, . . 16°. 

Temperature had varied between 12° and 16°. 

(The temperature had remained at 16° for several hours.) 

100 parts of the solution saturated at 16° contain : 

i. n. Mean. 

24.73 24.89 24.81 parts of the crystallized salt. 

Or, 100 parts of water at 16° dissolve 32.99 parts of the crys- 
tallized salt. 

Or, one part of the crystallized salt is soluble in 3.03 parts of 
water at 16°. 


Found. 

i. n. m. Mean. 

38.99 89.63 88.53 89.06 


Digitized by v^.ooQle 



166 


A. MATHEMATICS, PHYSICS, AND CHEMI8TBY. 


Binoxalate of POTASSIUM. 

4 (€ 2 KH&t) + aq. 

This salt was prepared as stated in the preceding paper. 
Solubility . — Temperature for three hours preceding filtration, 8° 
Temperature had varied between 8° and 10.5°. 
100 parts of the solution saturated at 8° contain : 

i. n. m. Mean. 

3.680 3.681 3.668 3.676 parts of the crystallized salt. 
Or, 100 parts of water at 8° dissolve 3.816 parts of the crys- 
tallized salt. 

Or, one part of the crystallized salt is soluble in 26.21 parts of 
water at 8°. 


Quadroxalate of Potassium. 

-6 2 2TiT0 4 , ■0 2 j H 2 O 4 -(-2 aq. 

This salt was prepared by recrystallizing a sample of com- 
mercial “binoxalate of potash”. 



Calculated. 


Found. 






I. 

n. 

m. 

IV. 

Mean. 


94.22 

18.54 


— 

— 

18.45 

18.45 


288.00 

56.67 

55.80 

55.63 

55.77 


55.75 

3^0 

54.00 







4 aq . 

72.00 < 

| 24.79 






.+2 aq .) 

508.22 

100.00 







Solubility . — Temperature at time of filtration, . . 13°. 

Temperature had varied between 12° and 14.5°. 
100 parts of the solution saturated at 13° contain : 

i. n. Mean. 

1.774 1.784 1.779 parts of the crystallized salt. 

Or, one part of the salt is soluble in 55.25 parts of water at 13°. 
Or, 100 parts of water at 13° dissolve 1.81 parts of the crys- 
tallized salt. 

Pohl (loc. cit.) says that 100 parts of water at 20.6° dissolve 
4.957 parts of the salt dried at 100° (5.775 parts of the crys- 
tallized salt) , which would go to show that the solubility must 
increase rapidly with the temperature. 
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Oxalate of Ammonium. 




This salt was prepared by neutralizing a hot solution of 
oxalic acid with ammonia-water. 


aq. 


Calculated. 

i. 

52 36.62 

72 50.70 50.72 

18 12.68 

142 100 00 


Found. 

ii. m. Mean. 

50.92 51.48 51.04 


Solubility . — Temperature at time of filtration, . . 15°. 

Temperature had varied between 13.5° and 15°. 
100 parts of the solution saturated at 15° contain : 


i. n. Mean. 

4.028 4.076 4.052 parts of the crystallized salt. 

Or, 100 parts of water at 15° dissolve 4.22 parts of the crys- 
tallized salt. 

Or, 1 part of the crystallized salt dissolves in 23.69 parts of 
water at 15°. 

I verified the statement of Heintz * that this salt is less 
soluble in a solution of chloride of ammonium than in pure 
water. I added chloride of ammonium to a concentrated solu- 
tion of the salt, and there were deposited small crystals which 
gave by titration 50.93 per cent. V 2 O a , showing that they were 
actually the normal oxalate. 


Binoxalatb of Ammonium. 

2\*>(NH A )H* A -\+aq. 

This salt was prepared as stated in the previous paper. 
Solubility . — Temperature at time of filtration, . . 11.5°. 

Variation of temperature — slight. 

100 parts of the solution saturated at 11.5° contain : 
l n. m. Mean. 

5.89 5.91 5.88 5.896 parts of the crystallized salt. 

Or, 100 parts of water at 11.5° dissolve 6.26 parts of the crys- 
tallized salt. 

Or, 1 part of the crystallized salt is soluble in 15.97 parts of 
water at 11,5°. 

* Zeitsch. f. d. ges. Naturw. XX. 29. 
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In order to ascertain whether this salt dissolved unchanged, 
a portion of that remaining undissolved, was titrated with the 
standard permanganate, and the percentage of oxalic acid 
found agreed with that of the original salt. 

Quadboxalate op Ammonium. 

€ a (NR a ) H& a , 0 4 + 2 aq . 

This salt was prepared by adding to half an equivalent of 
oxalic acid (-G 2 £T 2 -f- 2 aq.) an equivalent of chloride of am- 

monium ( JV H A Cl), as described in the preceding paper. 
Solubility . — Temperature at time of filtration, 7.75°. 

Temperature had varied but slightly. 

100 parts of the solution saturated si 7.75° contain : 

i. n. m. Mean. 

2.45 2.46 2.46 2.46 parts of the crystallized salt. 

Or, 100 parts of water at 7.75° dissolve 2.52 parts of the crys- 
tallized salt. 

Or, one part of the crystallized salt is soluble in 39.68 parts of 
water at 7.75°. 


Oxalic Acid. 

\ 

■02-3^4 + 2 aq. 

A portion of pure crystallized oxalic acid was taken, and its 
solubility determined to be as follows ; 

Solubility. — Temperature at time of filtration, 14.5°. 

Variation of temperature — slight. 

100 parts of the solution saturated at 14.5° contain : 

i. n. m. Mean. 

8.668 8.777 8.754 8.733 parts of the crystallized salt. 
Or, 100 parts of water at 14.5° dissolve 9.56 parts of the crys- 
tallized salt. 

Or, one part of the crystallized salt is soluble in 10.46 parts of 
water at 14.5°. 
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GEOLOGY AND PAL2EONTOLOGY. 

1. On the Cretaceous Age op Silver-deposits in Chi- 
huahua, Mexico, by James P. Kimball, of New York. 

A tour made last autumn and winter, from the Texas coast 
to the Grand Sierras, or Cordilleras of Mexico, near the 
thirtieth parallel, afforded a few geological observations of 
such importance that I venture to lay them before the Associa- 
tion. It will not be necessary on this occasion to enter into 
minute description. But the few points I have now to offer 
will, I trust, serve partly to bridge the gap in the knowledge 
of the country between the Rio Grande on the east, and the 
Cordilleras ; and to rectify a number of errors which mainly 
make up the meagre geological part of what otherwise is an 
interesting brief account of Chihuahua — that of Dr. Wisle- 
zenus of Col. Doniphan’s Expedition in 1846-7, whose report, 
together with that of the Mexican Boundary Survey, contain 
the only references of any consequence to the geology of Chi- 
huahua, to be found in any language — so seldom has any 
other part of the state than the High Sierras been visited by 
scientific travellers, while even that part, comparatively acces- 
sible from the Pacific Coast, is, along with the rest of the 
state, less known than any other portion of Mexico. 

The Cretaceous formation which overspreads Central Texas, 
where it has been carefully studied by Professor Roemer and 
Dr. B. F. Shumard, is traced westward under pretty uniform 
conditions, beyond the Pecos, forming the table-land of the 
intervening belt, until, in the Limpia Mountains, its familiar 
features disappear and a new order of things supervenes. Up 
to this line the geology of Texas has been fixed. Within the 
great bend of the Rio Grande, the water-shed between the 
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Pecos and that river, presents geological features which have 
been described by travellers whose studies have not extended 
far into Chihuahua. While these features are anomalous in 
Texas, they prevail in Chihuahua, and are to be regarded, as I 
propose to show, as an extension of the same conditions which 
characterize the whole of the eastern slope of the Cordilleras 
in the north-eastern part of Mexico. 

Topographically considered, the whole surface of Texas is a 
part of the slope of the Mexican Cordilleras. From the Gulf 
of Mexico to the Limpia Mountains, which are only a 
part of a long dividing range between the Pecos and the Rio 
Grande, extending from New Mexico, there is a constant 
acclivity toward the west, which, gradual, until the Alluvial, 
Dilavial, and Tertiary coast margin is passed, becomes very 
marked as soon as the Cretaceous rocky strata set in. From 
San Antonio, five hundred and seventy-nine feet above the sea, 
which is near the line between the Tertiary and Cretaceous 
formations, the Cretaceous surface rises to three thousand and 
ninety-eight feet, at Leon Springs (some two hundred and 
eighty miles farther west), and to near four thousand feet be- 
fore the fossiliferous Cretaceous strata are covered by the 
rocks which form the Limpia Mountains. These mountains 
present a thickness from eight hundred to one thousand feet of 
a rock of peculiar character, which has been described in the 
Report of the Mexican Boundary Survey, as a porphyry, and 
as famishing a “coarse granitic aggregate of which adularia 
forms a large part,” both of which varieties, together with 
compact quartz, are referred to an igneous source : whence the 
inference is drawn that the Limpia Mountains, as well as what 
is mentioned as a continuation of the same range — the Sierra 
Rica, in Mexico — are an axis of elevation. From all these 
points I have to dissent. 

First, as to the lithological character of the Limpia Moun- 
tains. Although clearly porphyritic in its structure, and con- 
taining '(yet rarely) small segregations rather than crystals of 
orthoclase, it presents, to the eye at least, the novel condition of 
a non-feldspathic matrix, and therefore, in the restricted sense 
of the term, can hardly be called a porphyry. The matrix is 
a ferruginous compact quartz, through which are diffused, be- 
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sides orthoclasic, minute quartz, crystallizations. Hence this 
rock is rather to be characterized as a porphyritic quartzite. 
These characters are uncommonly pronounced where the rock 
first sets in, namely, at Hackberry Ponds. 

This is an extension of the same formation which over- 
spreads a large part of Chihuahua — a fact ascertained by con- 
tinuity and relative stratigraphical position, rather than by 
lithological uniformity. The rock is disposed in strata which 
are gently undulating. Its ferruginous character causes it to 
weather excessively — especially where its consistency is not 
very dense. In the eroded valley of the Limpia, bold cliffs of 
it are seen weathered into massive picturesque columns of a 
dark ochreous color. The ferruginous coloring matter is pres- 
sent in the interior as red oxyd. At Fort Davis a quarry in 
this rock furnishes a building-stone, called by the Mexicans 
cantera. Here its porphyritic characters have entirely disap- 
peared, its quality being a loose alumino-silicious aggregate. 
It may be cut with a saw, and much resembles the building- 
stone or cantera in use in the city of Chihuahua, and quarried 
in metamorphic strata at the same horizon as this. The same 
rapid transitions in consistency, yet a constant uniformity of 
its peculiar type, are witnessed throughout the wide develop- 
ment of this rock which I will afterwards designate as cantera 
(a Spanish word, simply meaning, however, building-stone). 
Its metamorphic character is indicated by phenomena already 
mentioned ; while the formation of the Limpia Mountains, by 
the mere accumulation of nearly level strata, is so distinct as 
to give no appearance of an axis of elevation. The relation 
of the metamorphic cantera to the underlying Cretaceous lime- 
stone, is revealed by a quarry below the level of the plain, 
which supplies the lime-kiln of the post. 

From the head of the Limpia, near Fort Davis, to Presidio 
del Norte, on the Rio Grande, there is a gradual descent of 
over twelve hundred feet. The cantera , which in high bluffs 
skirts the valley-plains for some distance, comes dowA to the 
level of the road some sixty miles this side of the Rio Grande, 
and is succeeded by fossiliferous limestone, some thirty miles 
farther. The river terraces, five or six in number, begin ten 
to twelve miles from the river. Passing a corresponding set of 
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terraces on the west side, the surface begins immediately to 
ascend in impure limestones and calcareous shales, dipping 15° 
to the north-west. The limestone, of a sandy character, con- 
tains numerous fossils, some in great abundance, among which 
are forms of Cretaceous fauna known in Texas, viz. : JUxogyra 
plicata , SccUaria Texana , Natica Texana , Lima Wacoensis , to- 
gether with species of Ammonites Ostrea , and Inoeeramus , 
and fish teeth. The Sierra de las Cuestas, which form the 
bluffs of the Rio Grande valley proper, and the continuation of 
these mountains to the south — the Sierra Rica — are made up 
of this Cretaceous series. The latter mountains are the centre 
of a slight dislocation which imparts to the series north-west 
dips from 15° to 20°, as seen in the mountains themselves, 
where the succession is, (1) lower shales and fissile slates ; 
(2) blue limestone with inoeeramus; (3) upper fissile calcare- 
ous shales ; (4) arenaceous cavernous limestone with inocera- 
mus; (5) a coarse metamorphic rock made up of crystalline 
quartz and orthoclase. The Sierra Rica lode, bearing sulphu- 
rets of silver and of the base metals is encased in this fossil- 
iferous series, its highest outcrop being on the crest of a prong 
from which the quartzose rock of the neighboring summits has 
been stripped by denudation. 

The Conchos River valley seems to occupy an anticlinal axis 
of an elevation of the Cretaceous limestone series, the western 
part of which has been obliterated by river erosion, and only 
its eastern part preserved in the form of a gentle monoclinal, 
with a dip to the south-east. Such, at least, appears to be the 
structure of the Cuchillo Par ado, the Chupaderos and Chor- 
reras Mountains, as seen from the Chihuahua road, which keeps 
along their base, across the Jornada or great barren plain of 
Rosales. At its western end, where the bordering mountains 
draw together at the gap of the Gallina, between the moun- 
tains of that name on the east, and the Chupaderos on the 
west, a sudden increase of the south-east dip of the limestone, 
lets in the summit cantera with a sufficient thickness to form 
the mountains to the south and east of the Jornada ; while 
westward the Chorreras range continues to raise the limestone 
in heights, from three hundred to five hundred feet, until oblit- 
erated at the bend of the Conchos, which cuts across it, and 
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whose valley here spreads but some twenty-five miles, under 
the erosive influence of the close confluence with it of the Sac- 
ramento and Rosales branches. In this interval the limestone 
passes below the surface, and the metamorphic cantera sets in 
to form the elevations which, in north and south ranges from 
five to ten miles broad, separated by wide and longitudinally 
remarkably continuous valleys or valley plains, succeed each 
other all the way to the culminating line of the Cordilleras, 
and thus characterize their eastern flank in this latitude. An 
acclivity of the whole surface, toward the west, is very marked 
— all the way indeed from the Rio Grande, the road rising 
from two thousand seven hundred and seventy-nine feet above 
the sea at Presidio del Norte, to four thousand six hundred and 
forty at the city of Chihuahua, and six thousand two hundred 
and seventy-five feet at Cusihuiriachic, the culminating point 
(Cumbres de Jesus Maria) being only four hundred and fifty- 
seven feet higher than the Peak of Cusihuiriachic, or eight 
thousand three hundred and seventy-five feet above the sea. 

This longitudinal succession of narrow ranges and wide 
champaign valleys, gives rise to a peculiar topography whose 
phenomena are mainly those of diluvial and alluvial erosion. 
The north-east dip of the cantera , though liable to local varia- 
tions, is, on the whole, scarcely greater than the incline of the 
general surface. It is always seen under rapid disintegration, 
especially its more ferruginous portions. Its fine detritus over- 
spreads all the valley-plains in such thick and ever growing 
accumulations, as often to fill up former water-courses. Those 
which do not contain running streams, all have a basin configu- 
ration : that is, a depressed portion toward the middle ; while 
toward their borders the foot hills of the intervening moun- 
tains are seen in all stages of degradation. Thus the valleys 
are widening at the expense of the mountains ; and their plain- 
like character is increasing under the determination of the 
finer detritus toward their former channels, now often dry 
except during the brief rainy season. These observations are 
true equally throughout the development of the metamorphic 
camera in western Texas as throughout Chihuahua, north of 
the twenty-eighth parallel which I did not pass to the south. 
These phenomena, replete with interest, I can take occasion 
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now only thus briefly to note. One other observation in a 
general way, however, I may add. It is that these and closely 
related phenomena, point to the elevation of the whole eastern 
Cretaceous slope of the Cordilleras, comprising Chihuahua 
and the greater part of Texas, since the outlines of the pres* 
ent topography were determined by water-courses, now either 
entirely obliterated, or else taking an inconsiderable part in 
the river system of this extensive area. 

It will be understood that what I have distinguished as 
cantera forms, with the exception of what I have called the 
limestone range, along the western base of which flows the 
Conchos, as much of the surface of Chihuahua as comes 
under observation in traversing the state by way of Presidio 
del Norte and the city of Chihuahua, as far west as Cusihuiria- 
chic — a point pretty well up toward the summit of the Cor- 
dilleras, — and as far north as El Paso by the road from the 
city of Chihuahua. This cantera overlies the Cretaceous fos- 
siliferous limestone, and is, I regard,' a metamorphic upper 
member of that formation. 

I now come to the point the importance of which alone could 
warrant me in troubling you with local descriptions, namely : 
(1) that the seat of the principal known silver deposits of 
eastern and middle Chihuahua, is the Cretaceous fossiliferous 
limestone ; and (2) that the seat of other great deposits is the 
overlying cantera; also, I am disposed to think, of Cretaceous 
age, a metamorphosed superior zone of that formation. 

The Santa Eulalia range of mountains, one of the charac- 
teristic ranges already described, lies about half way between 
the Conchos and the city of Chihuahua. These mountains are 
mainly composed of quartziferous cantera, somewhat porphyr- 
itic ; but in the heart of them rises a boss of the underlying 
limestone in which are found the old Spanish silver mines of 
Santa Eulalia. Coextensive with this elevation of the lime- 
stone, and confined to it, is the mining ground comprising an 
area of not more than five square miles. From 1705 to 1791, 
during a period of 86 years these mines, according to official 
records, yielded $100,000,000 on which the quinto or King’s 
fifth was paid to the royal exchequer. To this product from a 
fifth to a third more is to be added for yield clandestinely ob- 
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tained. The boss rises some eight hundred feet above the bor- 
dering plains and some five hundred feet above its immediate 
base. It is soored by water-courses, giving rise to deep ca- 
nons, in the bottoms of which and along whose bluffs the mines 
have been opened wherever access by bridle paths could be 
got, while the tops of the limestone hills have likewise afforded 
entrance. The silver deposits are of a very irregular descrip- 
tion. The bulk of them is an invisible chlorid of silver mi- 
nutely diffused through a decomposed and ferruginous matrix, 
sometimes associated with a low grade of argentiferous galena, 
and sometimes with salts of lead, and varying in richness 
from twenty-five dollars to one hundred and twenty-five dollars 
per ton. Occasionally rich pockets are found in which occur 
visible sulphurets of silver, and crystals of horn-silver. This 
argentiferous material is found with quartz, gypsum and cale- 
spar, disposed between planes of stratification, or oblique joints 
in the beds ; or in irregular decomposed courses in massive 
beds : sometimes thoroughly disseminated through a portion of 
a bed or a number of beds, and occasionally in drusy cavites. 
No particular choice seems to be given to any bed or any set 
of beds, but all alike have been, and are still, worked with 
much the same results. The whole series of beds is exceed- 
ingly cavernous. Natural caves, into which workings lead, 
were shown me capable of holding, it is said, the great cathe- 
dral of Chihuahua. This remarkable and unique character of 
the deposits has led both to vertical and horizontal workings. 
The same beds which are entered by caverns in the elevated 
portion, are reached by shafts in the bordering canons, as the 
dips bear them from above water level. All the beds are more 
or less fossil iferous. Inoceramus , Eadiolites , Pecten , and a 
well preserved coral, together with other Cretaceous forms, 
being found outside any of the mines, but generally on weath- 
ered surfaces from which it is difficult to remove them. 

Besides the silver deposits in the Cretaceous limestone of 
Sierra Rica and Santa Eulalia, the intermediate limestone 
range at many points sustains a similar metalliferous charac- 
ter — argentiferous galena being well known in Mexico to 
occur in the Cuchillo Parado, in the Chupaderos and the Chor- 
reras; while, in Texas, I saw in the possession of Major 


Digitized by v^ooQle 



GEOLOGY AND PALAEONTOLOGY. 


177 


General Merritt, stibnite and galena from the Chanate Moun- 
tains — probably from the same fossiliferous Cretaceous 
horizon — inasmuch as I have a Pecten of that period from the 
same locality. 

Another slight isolated elevation of the limestone, on a pro- 
longation of the axis of the forementioned range, occurs low to- 
ward the base of the Sierra de Magistral between the city of 
Chihuahua and Cusihuiriachic. This locality is also well 
known as an old mining ground. The excellent silver mines 
of Corralitas, according to the Mexican Boundary Survey, are 
likewise in blue limestone, and though its age has not been 
determined, I may venture to predict it will likewise prove to 
be Cretaceous. (Rep. Mex. Bound. Surv. n, p. 1, Vol. I, 12.) 

Throughout its development, the cantera of the mountains, 
or the metamorphic Cretaceous, as I believe it to be, also sus- 
tains a highly metalliferous character. With the exception of 
the limestone range (including the localities already men- 
tioned) it is the seat of all the silver deposits within the sec- 
tion of country visited by me as far west as Cusihuiriachic, 
and undoubtedly considerably farther, as evidences taken at 
second hand tend to show. Gold as well as silver occurs in 
this formation. 

The extensive old Spanish silver mines of Cieneguilla richly 
affording horn-silver in brecciated fissures traversing the can- 
tera are located some sixty-five miles south-west of the city of 
Chihuahua. Some fifteen miles still farther south-west are the 
remarkable mines of Cusihuiriachic. The mining village of 
that name has an altitude of six thousand two hundred and 
seventy-five feet. Above it rises the bufa of the same name 
one thousand six hundred and forty-three feet. The flanks of 
this mountain, whose outlines have been determined by ero- 
sion, are traversed by noble fissures filled out with a complex 
vein-stuff of great richness in silver. A number of specimens, 
selected, but averaged according to grade, collected and as- 
sayed by myself, yielded from one hundred and forty dollars 
to thirteen hundred and fifty dollars per ton. These mines, 
under a practice both rude and desultory, have produced, 
in the course of two centuries, some $100,000,000. The 
qnartziferous character of the cantera here predominates. 

A. A. A. 8. VOL. xvni. 23 * 
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Here, as elsewhere, the more exposed portions exhibit the 
most strongly marked metamorphic aspect, as if its metamor- 
phism had been effected by molecular and chemical changes of 
an alumino-siliciou8 or felspathic, and perhaps somewhat cal- 
careous and magnesian, aggregate, under the influence of the 
atmosphere and percolating waters. As tending to such a 
view, it will be necessary only to instance, besides its strati- 
graphical conditions and attitude, the apparent elimination of 
its more soluble ingredients as indicated both by the vesicular 
character of weathered surfaces, and by the remarkable fact 
that in all low places wherever the cantera is extensively de- 
veloped, a rubble is found cemented by a carbonated base. 
This cementing material seems to have been derived from 
mineral percolations springing from the surperincumbent rocks. 
Such a concrete is found also under the detritus which, sup- 
plied by the cantera of the mountains, covers the valley-plains. 
Another observation bearing on this point, is the frequent oc- 
currence of the soft earthy aggregate, or the typical cantera 
(building-stone) as a portion of the formation, particularly at 
the base of mountains, below or near natural drainage. More- 
over, the cantera , both hard and soft, indicates in part a detrital 
origin by its inclosure of breccia and pebbles, thus bearing 
out the general impression it gives of altered felspathic 
sediments. 

Professor Gabb has recently called attention to the occur- 
rence of Texan Cretaceous fauna in Sonora, where they were 
found by the late Mr. Esmond, as going to show a “ water 
communication between the great Cretaceous sea that covered 
so much of what is now the central portions of our continent, 
on the one side, and the Pacific on the other. The recogni- 
tion of the Cretaceous near Arivechi in Sonora, according to 
Mr. Gabb, was only the second locality reported of its occur- 
rence in the whole area of Mexico, the other being in the State 
of Puebla. 

Although the metamorphic Cretaceous is, through the labors 
of the California Survey, well known in numerous localities in 
the coast ranges, as a seat of gold deposits and the Jurassic, 
east of the Cordilleras within the territory of the United States, 
of silver deposits, the instances which I have just given, of 
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the unequivocal fossiliferous Cretaceous, as well as a probable 
metamorphic and later zone of the same formation, as sources of 
silver ores, are the first, I believe, yet brought to light in North 
America. The only similar occurrence of which I am aware is 
in Chili, where, according to Mr. Remond, calcareous and fos- 
siliferous Cretaceous strata, the same as at Santa Eulalia, carry 
irregular silver deposits.* 


2. Remarks on the Age and Relations op the Meta- 
morphic Rocks op New Brunswick and Maine. By 
George F. Matthew and L. W. Bailey, of the Geo- 
logical Survey of Canada. 

The sediments to which the following remarks chiefly relate, 
are embraced in the most southerly of three spurs projecting 
to the north-east, from that extensive tract of altered and often 
highly crystalline rocks which occupy the greater part of New 
England ; and lie between the unaltered Silurian of New York 
on the one hand, and the New Brunswick coal field on the 
other. 

Dr. Gesner, who made a geological survey of New Bruns- 
wick between the years 1838 and 1842, recognized the exist- 
ence of granitic ridges in two of these spurs, and spoke of the 
slates in the central part of the Province as Cambrian, while 
those which lie near the Bay of Fundy were described as Silu- 
rian. Subsequently the late Dr. James Robb, of King’s Col- 
lege, Fredericton, in a geological map published about 1850, 
and in an explanatory chapter in Johnston’s “Report on the 
Agricultural Capabilities of New Brunswick,” retained in the 
main this arrangement. In both cases it would appear that 
the classification was based upon the highly altered character 
of the rocks, and the paucity or entire absence of organic 
remains. 

* See an article by the writer in the American Journal of Arts and Sciences, 
vol- xlTiii, 1389, p. 378. Notes on the Geology of Western Texas and of Chihuahua 
Mexico. 
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Very little was added to our knowledge of these obscure 
and puzzling formations for a number of years. About the 
year 1858, one of the authors of this paper, Mr. George F. 
Matthew, began observations at the city of St. John, result- 
ing in discoveries which enabled Dr. J. W. Dawson to pro- 
nounce some of the deposits in that vicinity to be of Upper 
Devonian age. At the beginning of the present decade, a 
Geological Survey of the State of Maine, under Prof. C. H. 
Hitchcock, was undertaken, through which a knowledge of the 
age of some of the metamorphic rocks adjoining New Bruns- 
wick was obtained.* In the following year the characters of 
the metamorphic belt eastward of St. John were observed dur- 
ing a reconnoissance made for the Government of New Bruns- 
wick by the authors of this paper, in connection with Prof. C. 
F. Hartt. We were enabled to show the existence of Lauren- 
tian, Huronian and Primordial strata in the tract examined, 
and of Upper Silurian in Charlotte County, as well as to indi- 
cate the wide distribution of Devonian sediments along the 
coast both east and west of the St. John River. A large 
area, however, of altered rocks between the latter and the 
border of Maine, still remained in great part unknown. 

When the work of the Geological Survey of Canada was ex- 
tended to this Province in 1868, the authors of this paper 
undertook the examination of the area to which reference has 
been made. The following remarks embrace the principal 
results obtained by us, together with a summary of the facts 
at present known with reference to the structure of this and 
the neighboring regions. 

Laurentian Series. 

The assemblage of rocks referred to this system occupy an 
area surrounded by more recent formations, about forty miles 
long and eight broad, extending from Mace’s Bay, an indenta- 
tion of the Bay of Fundy, north-eastward into King’s County. 
It is well exposed in the Narrows of the St. John River, a 
few miles northward of the city of the same name. 

The succession in this series is much obscured by faults 

* We shall have occasion to refer to the voluminous observations made in parts 
of the State farther west, by Prof. Hitchcock, in the sequel. 
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and overlaps, but exhibits a repetition of beds similar in min- 
er&logical characters to that observable in the same series else- 
where. It presents a great body of gneiss, often granitoid in 
aspect, and includes one or more bands of crystalline lime- 
stone, constituting veritable limestone formations many hun- 
dred feet in thickness, interstratified, however, with beds of 
quartzite and diorite. The limestones are in some cases fine- 
grained, but in others very coarsely crystalline, and include 
workable beds of crystalline graphite. Some of the limestones 
are micaceous, and they are often mixed with a pale green 
translucent serpentine , closely resembling that found in the 
Laurentian limestones of other parts of the continent. 

In the south-western part of Charlotte County there is 
another area and several small patches of granitic and syenitic 
gneiss,* with gneiss conglomerate, which, mainly on litholog- 
ical grounds, we are disposed to refer to the same formation. 
Limestones, however, are much less abundant in these than in 
the Laurentian of St. John County. 

Labrador Series. 

Several hills of crystalline felspar rock, associated with 
hypersthene,f and in some cases with magnetic iron, are found 
lying between the Laurentian and the Cambrian in St. John 
County. Dr. Hunt, who has recently visited the locality, con- 
siders them to be identical with the anorthosite felspar rocks 
of the Labrador or Upper Laurentian series, and is disposed 
to refer them to that formation. 

Cambrian or Huronian Series. 

The rocks referred to this series are exposed in two bands 
extending north-eastward from near the city of St. John, each 
about thirty miles long and three or four wide. Their greatest 
observed thickness is about ten miles east of St. John, where 

* The largest exposure of these syenites has hitherto been regarded as a part of 
the long granite ridge represented in maps heretofore made, as extending through 
the metamorphlc area south of the coal-fleld. They are evidently much older than 
the slates around them, and are quite different from the Nerepis granites to which 
we shall have occasion to refer in the sequel. They are regarded by Dr. Hunt as 
true Laurentian rocks. 

tThe hypersthene of this rock is sometimes in cleavable crystals one or two 
indies across. 
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it is apparently not less than seven thousand feet. West- 
ward this thickness becomes, within a short distance, very 
greatly reduced, and where the beds cross the St. John River 
does not exceed fifty feet. Beyond this point, in the same 
direction, they have not been recognized. 

The beds of this series consist mainly of hard felspathic 
rocks, often approximating to a petrosilex. They are more or 
less quartzose and generally epidotic, and vary in color from 
pale greenish or reddish to gray and dark gray. With them 
are associated considerable masses of diorite. At the base 
are hard red quartzose conglomerates and red argillaceous 
sandstones, and at the summit softer red sediments of the 
same color. In the finer felspathic rocks the stratification is 
often obscure, but may generally be detected in the coarser 
beds, which, towards both the base and summit, become a con- 
glomerate or breccia. 

In many of its features this group of rocks recalls the Huro- 
nian series of Canada, with which its stratigraphical relations 
would seem to make it equivalent. 

Lower Silurian. 

This series includes about one hundred and fifty feet of 
slates (holding Paradoxides , ConocephalUes , Agnostus and 
other trilobites , besides several genera of brachiopods), and an 
overlying mass, measuring not less than two thousand feet, 
of flags and slates containing Lingula, worm-burrows, &c. 
These rocks lie chiefly in a narrow valley, about thirty 
miles long and four miles wide, between the ridges of 
Cambrian rocks mentioned above, and to which they are 
conformable. They are well exposed about the city of St. 
John, beyond which they extend but a short distance to the 
westward. Strata of this age also cover portions of the Lau- 
rentian rocks north and west of St. John. 

The basal portion of this formation, in which alone trilobites 
have been found, was pronounced by Professor Hartt (in 1865), 
in a preliminary notice embodied in our report of that year, 
to be truly primordial, and equivalent to the Etage C of Bar- 
rande in Bohemia, a conclusion confirmed by Mr. Billings, 
who pronounced these rocks to be the same with those of the 
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“Lower lingula Flags” of Great Britain, and in all proba- 
bility the same with the St. John Group of Newfoundland, 
and the Paradoxides beds of Braintree, Mass., while they repre- 
sent an horizon lower than that of the Potsdam of New York. 
The latter may be in part represented by the upper members of 
the St. John Group. 


Upper Silurian. 

Rocks of Upper Silurian age have been recognized by their 
organic remains at Cobscook Bay in Washington County, 
Maine, and eastward of Passamaquoddy Bay in New Bruns- 
wick. The great metamorphism which these sediments have 
undergone, and the resemblance borne by many of them to 
those of the Devonian series, often render their recognition 
difficult, but about Passamaquoddy Bay, where they are best 
exposed, and where they mainly constitute the larger islands 
which here skirt the coast, they appear to consist of a thick 
series of gray and dark gray, sometimes sandy, shales, black 
fissile carbonaceous slates, felsites (frequently amygdaloidal), 
and heavy beds of diorite. They are almost everywhere in- 
clined at high angles. 

A mass of gray felspathic slates, diorites and light colored 
felsites, described in previous publications under the provis- 
ional name of the Kingston series, has been supposed to ap- 
pertain to the group now under consideration. Our present 
knowledge is not sufficient to enable us, in the absence of fos- 
sils, to pronounce confidently as to the age of these rocks, but 
from the data possessed by us we are inclined to regard them 
as including both Upper Silurian and Lower Devonian beds, in 
this respect resembling a portion of the slates bordering the 
great coal-basin to the north, in which fossils, belonging near 
the base of the last named group, have been found, and which 
will be again referred to in the sequel. 

Prom the Devonian series, to which the Kingston rocks 
bear some resemblance in lithological characters, they differ 
chiefly in their great uniformity over wide areas ; for while 
the former (as will be presently shown) present very differ- 
ent aspects between the St. John River and the Passama- 
quoddy area, the latter, from the central portion of King’s 
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County to where they disappear upon the coast, a distance of 
fifty miles, retain their peculiar features unaltered. 


Siluro-Devonian.* 

That portion of the metamorphic area in southern New 
Brunswick not occupied by the rocks above described, consists 
of Siluro-Devonian strata and granite. Of these the latter 
forms a ridge of variable width, having Siluro-Devonian sedi- 
ments on each side. The two together probably occupy three- 
quarters of the metamorphic country south of the coal-field. 

Two principal divisions of these sediments may readily be 
distinguished on the south side of the granite ridge, viz. : — 


Lower 

Division. 


St. John County, 


Lower. 


Limestones, felsites, Ac., 
Conglomerates, local. 


( Gray sandstones, black slates, 
l LJ PP er - j “Dadoxylon sandstones.” 


Charlotte County, 

| Felspathic slates. 

| Gray and black silicioua 
) slates. 


Lower. 


Upper J 
Division. ] 


Upper. 


Conglomerates and dlorites, \ Conglomerates, flags and 
“ Cordaite,” * ) dlorites. 

Fine-grained slates and ortho- J Gray and red ortho- 
phyre, “ do.” i phyre. 

Conglomerate and slate. { Conglomerate and slate. 
Granitoid grit. j Gritty felsites. 

Talcoid ( ?) slates and lime- ) Talcose slates and lime- 
stone (thin and perhaps local) . | stone. 


The basal part of the Lower division, which about St. John 
and to the eastward of it consists of hard conglomerate rocks, 
is represented in the western part of the county of the same 
name by felsites, limestones and conglomerate. A projecting 
ridge of Laurentian gneiss intervenes between the two de- 
posits. Still farther west (as in Charlotte County) felspathic 
slates are found at this horizon. 

Granites . — The mass of granite which extends from the 
Digdequash River in Charlotte County to the St. John River 

i 

♦A more extended knowledge of the Devonian rocks than we possessed at 
the time that onr Report on the Geology of southern New Brunswick was writ- 
ten, has led us to modify the classification of this series given there, and in an arti- 
cle on the Azoic and Palaeozoic rocks of southern New Brunswick. The fbssil- 
iferous portion included in those publications under the name of 44 Little River 
Group,” is now divided, the “ Dadoxylon Sandstone,” being associated with the 
Bloomsbury series under the new designation of the Lepreau division, and the 
“ Cordaite shales” connected with the Mispeck or upper division. All the beds 
denominated 44 Upper Bloomsbury” in the older report are included under the 
head of “ Lower Lepreau,” and the “ Mispeck” of the former publications in like 
manner is spoken of as “ Upper Mispeck.” 
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in Queen’s County, is closely connected with the basal portion of 
this Siluro-Devonian series. These granites rise into hills of 
considerable altitude, and may be well seen on the Nerepis and 
Musquash Rivers which cross the middle of the granite range. 
At the former stream the central portion of the mass consists 
of fine-grained, tawny felspathic granite or eurite, porphyritic 
with numerous crystals of felspar and rounded grains of quartz. 
On either side of this lie coarse red granites, also porphyritic, 
and holding occasional rounded lumps of gray gneiss and 
granite, or rarely a boulder of quartz-rock. At this horizon in 
the granitic mass the rock is often loose in texture and dis- 
tinctly laminated. This laminated structure results from the 
presence of numerous parallel planes in the rock, dipping at 
low angles. It is probable that these indicate half obliterated 
sedimentary layers, for, on the West Musquash River, the cliffs 
of this crumbling variety of granite present that irregularity 
of outline so often seen «in sandstone deposits made up of 
beds of unequal hardness. The highest beds of granite con- 
tain but little quartz and mica and thus pass into crystalline 
felsites. 

Age of the G unite . — The section of this mass of crystalline 
rocks exposed in the Nerepis valley exhibits their relations to 
the overlying slates very clearly. From the finer granites 
towards the centre of the mass we pass in descending this 
river to tawny syenite, with well defined hornblende crys- 
tals ; this is followed by red syenite, which in its turn gives 
place to a syenitic rock in which the hornblende does not ex- 
hibit distinct crystals, but is in the form of dark earthy spots 
in the red rock. The deposit which overlies this is one of dark 
yellowish or reddish crystalline felsite ; this differs from the 
syenite in holding a smaller proportion of quartz, but still con- 
tains much hornblende. In the upper one thousand ( ?) feet 
this rock is cryptocrystalline. Immediately upon this rests 
one hundred feet of somewhat slaty petrosilicious rock contain- 
ing Siluro-Devonian fossil shells. These rocks are covered by 
one hundred and fifty feet of dark gray crystalline felsite and 
diorite, which in its turn is overlaid by eighty feet of dark gray 
silicious slates, holding shells of the same genera as those in 
the lower beds. 

A. A. A. S. VOL. XVm. 14 
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So far as can be judged from the exposures along this valley 
there appears to be a gradual passage from true granite through 
felsites to undoubted Siluro-Devonian rocks. Though the 
same transition has not been elsewhere so clearly marked, yet 
at several points along the southern border of the granitic area 
facts may be noted which tend to confirm this intimate relation 
of the latter to the overlying Devonian strata. On the eastern 
shore of the St. Croix River in Charlotte County, ten miles 
above St. Andrews, is exposed a succession of granitoid rocks, 
resting upon Laurentian gneiss, which both in color and tex- 
ture recall the granites of the Nerepis range. They are of red 
or reddish gray colors, often weathering to a bright rusty red, 
and are, for the most part, an imperfect syenite, containing 
much red felspar and a soft green uncrystalline mineral allied 
to hornblende. Portions of the rock are highly epidotic. In 
descending the river these granitoid rocks are followed by, and 
seem to pass into, fine dark gray felspathic rocks, which are in 
turn succeeded by gray felspathic and epidotic sandstones. 
These latter, like similar beds in Perry, Maine, contain shells 
of Lingulae. 

On the western side of the river these red granitoid rocks 
form the major portion of the shore through Robbinston, in 
Maine. There are two objections to the view that the Nerepis 
granites are Devonian which may have some weight. In the 
slate country, between the granite ridge and the Bay of Fundy, 
where Upper Silurian and Siluro-Devonian strata are upturned, 
and show their basset edges for many miles, no granitic 
rocks, or mass of sediments which in bulk and texture would 
represent them, appear at the base of the Siluro-Devonian. 
Again, the movements which ensued towards the close of the 
Devonian age, and in the interval between the latter and the 
unconformable deposition of Carboniferous sediments, would 
seem to have found in the area now occupied by the granites a 
resisting mass, against which the slates were pressed up on 
either side. Unless then such a barrier were afforded by the 
Laurentian gneiss, which both in western Charlotte and at 
Hampstead in Queen’s County, are seen to lie beneath the 
granites of the Nerepis, these latter would appear to have been 
already metamorphosed and hardened prior to the deposition 
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of the overlying slaty deposits, or if in the condition of ordi- 
nary sandstones to have been at least more nnyielding than 
these latter. 

The Huronian formation of St. John County has many points 
of resemblance to the Siluro-Devonian series. A transforma- 
tion of grits and conglomerates of that series into red syenite 
▼as commented on by one of the authors of this paper in a 
former article.* But these lack the porphyritic structure and 
coarse texture of the Nerepis granite, and we could find no evi- 
dence of the presence of the older series in the tract where 
these granites occur. 

It may be noted as a significant fact in this connection, that 
at every point but one,} where the border of the granitic mass 
has been examined, Siluro-Devonian slates have been found to 
be next them, and to dip away from the granitic ridge on both 
sides. These slates (or petrosilicious rocks) on the south side 
of the ridge, belong to the Lower Division of the series, so 
that the granites, if they are altered sediments of the same 
series, are at the base of this lower division. 

It may be noted also, as tending to confirm this view, that 
sear the granite in the metamorphic country north of the coal- 
field, fossil shells have been found indicating an horizon near 
the base of the Devonian series or at the summit of the Silu- 
rian. Should the slates containing these fossils be found to 
dip beneath the granite, which is coarsely porphyritic, and in 
other features bears much resemblance to the granites of the 
Nerepis, little doubt of the Silurian age of these latter will 
then exist.} 

On the whole, the facts thus far known strongly favor the 
view that the Nerepis granites are altered sandstone and grits 
at the base of the Siluro-Devonian series. 

Dadoxylon sandstone . — In St. John County a part of the 

•G.F. Matthew— Quarterly Journal of Geological Society, Nov., 1866 . 

t la the exceptional cases referred to the granitic rocks are brought in contact 
with the Kingston series (Siluro-Devonian ?) by a feult and upthrow of the latter. 
Opposite to this point (where the granite approaches the Bay of Fnndy) thte lower 
beds in the coastal deposit of the Upper Devonian, more nearly resembles granite 
than elsewhere. 

I Such would appear to be the case in Nova Scotia, where along the southern side 
of the Annapolis VaUey, a series of slates, holding an assemblage of shells of 
Lower Devonian aspect, are described by Dr. Dawson as dipping downward 
towards a mass of coarse porphyritic granite. 
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Devonian strata have been called the “ Dadoxylon sandstones,” 
on account of the numerous trunks of trees of this genus im- 
bedded in the sandy layers. The formation here also contains 
an abundant and varied flora of the period, as well as remains 
of insects and crustaceans. Within the county, and for many 
miles beyond it to the westward, these sandstones are inter- 
calated with slaty beds. Immediately around the sandstone 
tract these slates are soft, black and carbonaceous ; farther to 
the westward they alternate with silicious layers ; and in the 
Nerepis Hills to the north-west, and about Passamaquoddy Bay 
to the south-west, the Siluro-Devonian slates, although dis- 
tinctly banded with alternating gray and black layers, are sili- 
cious throughout. 

Mispeck Bocks . — In passing upward, from the strata just 
described, to this division, a decided change may be ob- 
served. There is here a return to diorites, conglomerates 
and bright colored slates, such as may be seen in the lower 
series. These bright colored rocks are succeeded by pale 
green slates (“ Cordaite”). In the Siluro-Devonian series they 
are represented by felspathic slates, fine grained homogeneous 
felspathic rocks, of dark gray (white weathering) and dusky 
red (bright red weathering) colors, which are often porphy- 
ritic with crystals of orthoclase, and become veritable ortho- 
phyres, or claystone porphyries, without any trace of lam- 
ination, except that in a few places they exhibit distinct 
bands of color. These colored layers are in the lower portion 
of the mass. 

On the south side of the granitic ridge there is about the 
middle of this division a group of conglomerates and slate beds, 
differing from that at the base in the absence of dioritic and 
other green beds. These conglomerates are covered, by a thick 
mass of altered grits, often granitoid in appearance, but at 
other times assuming the aspect of coarse talcose and fel- 
spathic schist or gritty felsites. 

Some impure earthy limestone beds, of no great thickness, 
with talcose and chloritic slates, are found at the summit of 
the series. 

Conditions of deposition . — It may be inferred, from the nature 
of the deposits in the Upper Devonian series, that by far the 
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greater part was of littoral origin, or deposited in shallow 
basins partly shut off from the sea.* 

From the Devonian and Siluro-Devonian rocks, to which 
the above remarks are limited, the slates on the north side 
of the granite ridge differ in their remarkable uniformity over 
large areas — a uniformity so great that exposures seventy 
or eighty miles apart present strata of exactly the same char- 
acter. In this respect they are more nearly in accord with the 
Kingston rocks, south of the granite. Although dipping off, 
therefore, from the latter on the north as the Siluro-Devonian 
slates do on the south, and though they present a succession 
of beds parallel to these in general aspect, we do not as yet 
feel confident in asserting that they are the same. 

Granting the Devonian age of these rocks, the relation of 
the areas north-west and south-east of the granite ridge would 
appear to have been, as regards the conditions of deposition, 
very much the same at this time as during the Carboniferous 
era. In the open basin or pelagic area to the north, the strata 
present the following succession : 

Felsites. 

1. Dark clay slate or carbonaceous schist. 

2. Micaceous quartzite or quartz on mJca schist. 

8. Fine greenish micaceous slate. 

4. Coarse green micaceous slate. 

In the slates of No. 1, north of the Douglas Valley in 
Queen’s County, plants which resemble those of St. John have 
been found. About twelve miles farther east numerous shells, 
crinoids and some trilobites occur in nearly horizontal beds of 
gray shale underlying dark gray silicious felsites. To the west 
fine grained ferruginous gneiss, micaceous quartzite, and mica 
slates occur in connection with this same division. In these 
mica slates well defined crystals of staurotide , andalusite and 
garnet have been developed. 

Nos. 3 and 4 are a succession of highly micaceous slates, 
pale green and argillaceous in the lower part, but of a brighter 
apple green tint and of a coarser texture in the upper. 
Disturbances at the dose of the Devonian age . — In the com- 

•The occurrence of land plants in the Lepreau Division on the St. Croix and 
Nerepis as well as at St. John, together with the occurrence of Cordaitet through 
the entire mass of the Lower Mispeck rocks, near the city last named, leave little 
doubt of the correctness of this view. 
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position and structure of several of the groups to which the 
preceding remarks refer, many features present themselves 
which suggest the latter portion of the Devonian Period, or the 
interval which elapsed between this and the opening of the 
Carboniferous era, as having been in this part of the continent 
one of marked physical changes. Great alterations of level, 
marked by excessive denudation, had no doubt taken place in 
earlier periods, as at the close of the Laurentian, and towards 
or at the close of the Lower Silurian Period, but as the 
Devonian age was drawing to a close movements of greater 
magnitude, and involving all the formations • of earlier date, 
would seem to have taken place in this portion of Acadia. 

The features to which reference has been made, consist in 
the metamorphism and debituminization of the sediments, as 
well as in the extreme plications of the strata, accompanied 
by the production of a slaty cleavage in the more schistose 
beds. In these plications the Devonian beds have been af- 
fected equally with those of the Cambrian and Primordial, 
while on the denuded edges of both the Lower Carboniferous 
sediments rest unconformably. The first indications of these 
changes which we have are to be found in the passage beds 
between the Lepreau and Mispeck divisions of the Devonian 
series. A rapid decrease in the dip of the slates at this hor- 
izon, observed at several points in the littoral zone south of 
the granite range, probably marks the beginning of the great 
displacements which culminated at the close of this age. 

It has already been said that the great gneiss-granite range 
in the centre of the southern metamorphic belt continued to be 
a stable area against which the slates were pushed up. This 
is very clearly seen on its south-east side, where a law of dis- 
placement, similar to that traced out by Rogers in the Alle- 
ghanies, and by Sir W. E. Logan among the rocks of the 
Quebec Group, holds. Instances of it may be seen in the east- 
ern part of St. John County, where the lower Cambrian slates 
are met with on the south-east side of a fold, and the higher 
beds of the same formation with primordial slates on the other. 
In the western part of the same county similar displacements 
may be seen, having the strata uplifted on the south-east side. 
But the most strongly marked break is one nearer to the 
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granite ridge ; this fault runs parallel to it for forty miles, with 
the Siluro-Devonian slates on the north-west side, and slates 
of the Kingston series on the south-east. 

The same granitic axis has also played an important part in 
influencing the direction of cleavage planes in the slates. 
These on both sides of the ridge are parallel to its general 
course, and dip away from it on each side ; even where the 
course of the slates changes, the direction of the slaty cleavage 
remains the same, so that masses of the Devonian rpcks are 
sometimes seen in which the cleavage planes cross the striker 
of the beds at right angles. 

The Siluro-Devonian in Maine. 

Having found, contrary to expectation, that the rocks in the 
greater part of the metamorphic country in New Brunswick, 
near the United States border, are of Devonian age, and since 
the various bands of slate on the British side have been traced 
through portions of Maine, by Professor C. H. Hitchcock and 
others connected with the survey of that state, we venture to 
offer here some suggestions and conjectures on the probable 
age of the schists, granites, etc., in the south-eastern half of 
Maine. 

The granite ridge of southern New Brunswick, to which al- 
lusion has frequently been made in preceding pages, enters 
the State of Maine in the township of Calais. It is here repre- 
sented by a thick body of conglomerate-gneiss (composed of 
dark syenitic pebbles, from two inches to as many feet in di- 
ameter, enclosed in a white granitic, often porphyroid, matrix), 
dark syenitic gneiss and white granite, which we believe to be 
Lauren tian, and a mass of red weathering coarse granitoid 
rocks which may represent those of the Nerepis, and perhaps 
constitute the basal portion of the Siluro-Devonian. Both of 
these are probably represented in the granitic district of south- 
eastern Maine, which, according to Professor Hitchcock, is 
continuous to the sea in the vicinity of Jonesport. 

To the eastward of this ridge we appear to have chiefly Si- 
luro-Devonian rocks, with occasional bands of upturned Upper 
Silurian. The “traps” of this area correspond to the diorites, 
etc., at the base of the upper division, and the “red jasper” 
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to the red felsites and orthophyre above them. It is probable 
that the lower division will be but meagrely represented, and 
the upper half of the upper division wanting in this tract, 
such being the case around Passamaquoddy Bay. 

On the north-west side of the granite ridge noted, we again 
meet, in New Brunswick, Devonian slates, now in their pelagic 
aspect. On the Maine border, above Baring, these consist of 
fine-grained gray gneiss and micaceous quartzite, the former 
dipping towards and abruptly meeting the gneiss conglomerate 
above alluded to, within which along the line of junction small 
pieces of the Devonian gneiss are imbedded, as though frag- 
ments of the latter had sunk in the pasty mass.* Farther 
north these Devonian beds are folded and dip northward, pass- 
ing beneath a heavy body of fine greenish and grayish micace- 
ous slate, which here represent, perhaps, some portion of the 
Siluro-Devonian series. 

A similar arrangement is indicated by Professor Hitchcock, 
who represents the slates or schists north of Baring as lying in 
a basin between the granitic ridge above named, and another 
which crosses the northern part of Washington County, and is 
supposed to connect through the northern part of Hancock 
County with the granitic masses around Mount Desert on the 
coast. On the southern side of this last granitic ridge, and 
forming the northern side of the trough are a series of beds, 
described as quartz-rock and calciferous mica' schist, and which 
are said to be the same as those known to extend through York 
County, N. B., towards the Bay de Chaleur. This belt of 
rocks has been recognized, with essentially the same features, 
by one of the authors of this paper, on the St. John River 
above Fredericton, and about Grand Lake in the eastern 
Schoodic region, in the State of Maine. As observed by the 
latter, it consists of clay slates | and thick intercalated beds 
of quartzite, etc., rather than of mica schist, and if, as may be 

* Dr. Dawson, in his “ Acadian Geology” (2d ed., p. 499), describes a similar 
occurrence in the case of the Devonian rocks on the sonth side of the Annapolis 
Valley. These slates, holding fossils of Lower Devonian aspect, are described as 
dipping into a great mass of white granite, the slates near the junction having 
been turned into gneissoid rock holding garnets, while numerous angular frag- 
ments are enclosed in the granite, which also sends veins into the slates. 

fit is in this band of slates that fossils of Devonian aspect have been obtained 
by Mr. C. Robb, north-east of Fredericton. 
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the case, it here represents the rocks of the Lower Devonian 
series, it more nearly resemble these as seen near St. John 
than those above alluded to as forming the southern side of 
the trough now under consideration. 

The granites on the north side of this basin, both in New 
Brunswick and Maine, are coarsely porphyritic. They have 
recently been examined on the St. John River, where along 
their southern border they are of a reddish tint, containing 
both orthoclase and albite or oligoclase. Farther north the 
rock is of a lighter color, consisting of a gray granite (with 
white orthoclase and black mica), and sometimes contains 
masses of dark micaceous quartzite. At several points it is 
overlaid by gray gneiss, holding bands of micaceous quartzite, 
which also constitute the rocks first seen on the northern slope • 
of the granitic mass. These may be the “ argillo-micaceous 
schists,” described by Professor Hitchcock as holding a simi- 
lar position in Maine, and which are said to extend in an u es- 
sentially unaltered form to the Saco River,” in fact nearly 
reaching the south-west corner of the State. At this end of the 
basin, where probably the lower beds are exposed, the rock 
contains garnets, staurotide and kyanite. Along the north- 
east side (in Northport) it holds andalusite. If these rocks 
represent here the lower part of the Devonian slates, as the 
mica schists holding a similar position and containing the same 
minerals do in the central parts of Charlotte County, the 
geology of this portion of America will be greatly simplified. 

There is a belt of granite associated with masses of ob- 
scurely stratified gneiss and beds of pyritiferous mica-schist, 
extending along the coast of Maine, from Portland eastward 
to the mouth of the Penobscot River, which, as described in 
Professor Hitchcock’s Report, resembles the Laurentian series 
of New Brunswick. With this exception and possibly that of 
the belt of slates and quartzites * which skirt the southern 
edge of the northern granite belt, nearly all the formations of 
south-eastern Maine might, on lithological grounds, be com- 

• A boulder composed of rock, not distinguishable from these quartzites, has 
been found by Mr. Charles Robb, near the Eel River in York County, which con- 
tains several unmistakeable fragments of graptolites. Should these be found to 
characterize this belt, the latter would of course be referred to the Lower Silurian, 
which as seen in St. John, they resemble quite as closely as they do the Devonian. 

A. A. A. 8 . VOL. XVm. 26 
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pared with those of the Siluro-Devonian and Devonian series 
in New Brunswick. Among these, however, may be islands 
or ridges of older rock, as is probably the case at some points 
along the eastern border. 

One object in preparing these remarks has been partly to 
enable New England geologists to test the value of our work 
in New Brunswick, bearing on the geology of Maine. As 
it may assist in the discovery of organic remains in the 
Devonian rocks of that State, we may add that with us the 
Mispeck division is almost devoid of such, so far as we know, 
except to the eastward of St. John, where plant remains occur 
sparingly in the lower half (“cordaite shales”). The Lepreau 
division is the great repository both for these and for marine 
organisms. Plants are more abundant in the upper and more 
silicious half (equivalent to the Dadoxylon sandstone), and 
shells with a few plants in the lower. 

It may be inferred that the discovery of such remains in the 
metamorphic tracts of New England is not improbable, from 
the fact that they are met with in New Brunswick, only a few 
miles from points where the slates are so highly altered as to 
be filled with crystals of andalusite, staurotide and garnet. 

NOTE. 

It is proper to add here that the foregoing article will be 
found to differ in several particulars from that presented and 
read under the same title, by one of the authors, at the meet- 
ing in Salem. The alterations referred to have been deemed 
necessary from the result of further investigation of the fossils 
upon which some of the conclusions therein given were based. 
At the date of the preparation of the original article these fos- 
sils were regarded by a competent authority as probably Upper 
Devonian, and this age was accordingly assigned to the whole 
of the associated strata. Having, however, since discovered, 
at the base of the strata thus designated, beds which contain 
forms apparently of Upper Silurian type, we have given this 
assemblage of beds the more comprehensive title of “ Siluro- 
Devonian,” intending thereby to indicate a geological horizon 
near the junction of these two formations, and including there- 
fore both Upper Silurian and Lower Devonian forms of life. 
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It will follow from the same fact, as indicated above, that the 
Nerepis granites, before looked upon as probably Lower De- 
vonian, must now be regarded as of Upper Silurian age, if not 
of still greater antiquity. 

Lists of the fossils referred to above, with more detailed 
descriptions of the formations in which they occur, will shortly 
appear in the Reports of the Geological Survey of Canada. — 
L. W. Bailey , April, 1870. 


3. On the Valley of the Amazon. By James Orton, of 
Poughkeepsie, N. Y. 

From the Atlantic shore to the foot of the Andes, and from 
the Orinoco to the Paraguay, stretches the great valley of the 
Amazon. Its area, of two millions and a half square miles, 
would contain the basins of the Mississippi, the Danube, the 
Nile and the Hoang-Ho. It lies between three grand eleva- 
tions : on the north are the highlands of Guiana ; on the south 
rise the table-lands of Matto-Grosso ; on the west stand the 
Andes. The valley begins at such an altitude that on the 
westernmost edge vegetation differs as much from the vegeta- 
tion at Para, though in the same latitude, as the flora of Canada 
from the flora of the West Indies. The greater part, however, 
is an extensive plain very slightly inclined towards the 
Atlantic. 

From the mouth of the Napo to the ocean, a distance of 
1800 miles in a straight line, the slope is one foot in five miles. 
Professor Agassiz gives the average slope as hardly more than 
a foot in ten miles ; but this is based on the farther assertion 
that the distance from Tabatinga to the seashore is more than 
2000 miles in a straight line. It is not 1600. At Coca, on the 
Napo, the altitude is 850 feet, according to my own observa- 
tions ; at Tingo Maria on the Huallaga, it is 2200 feet, accord- 
ing to Herndon; at the junction of the Negro with the 
Cassiquiari it is 400 feet, according to Wallace, and at the 
mouth of the Marmor6 it is 800 feet, according to Gibbon ; 
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while at the Pongo de Manseriche, where the Amazon leaps 
from the Andes for the last time, the altitude is 1600 feet, ac- 
cording to Humboldt. 

These barometrical measurements represent the basin of the 
Great River as a trough lying parallel to the Equator, the south 
side having double the inclination of the northern, and the 
whole narrowing and gently sloping eastward. Furthermore, 
the channel of the Amazon is not in the centre of this basin, 
but lies to the north of it. Thus the hills of Almeyrim rise 
directly from the river, while the first falls on the Tocantins, 
Xingu and Tapajos occur nearly 200 miles above their mouths. 
The rapids of San Gabriel on the Negro are 175 miles from 
the Amazon, while the first obstruction to the navigation of 
the Madeira are 100 miles farther from the Great River. 

No region on the globe of equal extent has such a monoto- 
nous geology. On the north is the low, level water-shed be- 
tween the Amazon and Orinoco, composed of granite and 
gneiss slightly covered with debris ; there is a total absence of 
sedimentary rocks.* On the south is the high plateau of Bra- 
zil, consisting of horizontal strata of palaeozoic age, nowhere 
covered by secondary or tertiary deposits.! On the west are 
the porphyritic peaks of the Andes. Around the rim of the 
basin are the out-croppings of a cretaceous deposit ; this is the 
first chapter in its known geologic history. But above this, 
lining the whole valley from New Granada to the Argentine 
Republic, are the following formations : 

First, a stratified accumulation of sand ; second, a series of 
laminated clays of divers colors and generally without a peb- 
ble ; third, a fine, compact sandstone ; fourth, a course, porous 
sandstone, highly ferruginous ; and finally, over the undulating 
surface of the last, there was left an ochraceous, unstratified 
sandy clay, resembling in composition the inundation mud of 
the Rhine and Nile. The total thickness of these beds can- 
not be less than 1000 feet. The ferruginous sandstone alone 
is over 800 feet thick ; but the table topped hills of Almeyrim 
are almost the sole relics. If the plausible theory be true 
that these are the mementoes of a colossal denudation, the 
history of the Amazonian Valley is quite different from that 

• Evan Hopkins, F. 6. S. 

t Dr. Lund. 


Digitized by v^ooQle 



6EOLOGT AND PALEONTOLOGY. 


197 


of the Pampas where there is no evidence of much superficial 
denudation. The trend of these hills, east and west, would 
indicate that the denuding force came from the Andes. 

It is a question to what period this vast accumulation is to 
be assigned. The earlier observers pronounced it of marine 
origin, Humboldt calling it Old Red Sandstone, and Martius, 
New Red. It can be neither of these, for it overlies the cre- 
taceous. Professor Agassiz gives it a post-tertiary date and 
fresh-water origin. It is “drift (he says), the glacial deposit 
brought down from the Ajides and worked over by the melting 
of the ice which transported it.” The Professor farther de- 
clares that these deposits “ show no sign whatever of a marine 
origin ; no sea-shells nor remains of any marine animal have 
as yet been found throughout their whole extent ; tertiary de- 
posits have never been observed in any part of the Amazonian 
basin.” In the words of Mr. Lyell : “ Professor Agassiz has 
hazarded the startling conjecture that the Amazonian basin 
was closed up and converted into a lake by the terminal 
moraine of a glacier which stretched for thousands of miles 
from west to east and entered the sea under the equator. But 
this distinguished naturalist, Lyell continues, candidly con- 
fesses that he failed to discover any of tliose proofs which we 
are accustomed to regard, even in temperate latitudes, as essen- 
tial for the establishment of the former existence of glaciers 
where they are now no more. No glaciated pebbles, or far 
transported angular blocks with polished and striated sides, no 
extensive surface of rock, smooth and traversed by rectilinear 
furrows, were observed ” * 

It is true that neither Bates, Wallace nor Agassiz found any 
marine fossils on the banks of the Great River. But these 
explorers ascended no farther than Tabatinga. Two hundred 
miles west of that fort is the little village of Pebas at the con- 
fluence of the Ambiyacu. In December, 1867, it was my for- 
tune, in coming down from the Andes by the Rio Napo and 
Maranon, to stop at this place. In the high bank on which 
the village stands, I discovered a fossiliferous bed interstratified 
with the variegated clays so peculiar to the Amazon. It was 
crowded with marine, or at least brackish-water shells ! They 
belonged to the genera Neritina , Turbonilla, Mesalia , Tellina 

•LyeU’B Principles, 1, 468-9. 
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and the new genus Pachydon resembling Isocardia. They 
were all new species, excepting a Neritina pupa , which, by the 
retention of its peculiar markings and by its being a living 
West Indian species, points to a recent era. I may add, that 
a sample of the red clay from a different locality, was exam- 
ined under the microscope at my request by Professor Clark, 
who reported “ fragments of gasteropod shell and bivalve casts.” 
Moreover, mingled with the clay deposit along the river are 
seams of a highly bituminous lignite. I traced it from near 
the mouth of the Curary on the Napo to Loreto on the Mara- 
non, a distance of about 400 miles. It also occurs at Iquitos, 
where it is used as fuel.* 

From these facts, I infer : first, that the Amazonian clay 
formation cannot be referred to the ice-period, but is late ter- 
tiary, and like the Pampean mud may be an estuary deposit ; 
second, that we have some grounds for the supposition that 
not many ages ago there was a connection between the 
Caribbean Sea and the Upper Amazon ; in other words, that 
Guiana has only very lately ceased to be an island. Cor- 
roborative of this is the fact that there is no mountain range 
on the water-shed between the Orinoco and the Negro and 
Japura, but the three rivers are joined by natural canals; 
third, that in tertiary times, a shallow sea separated into 
islands Guiana, Brazil and the Andes, and that the med- 
iterranean portion, where now lies the Amazonian basin, was 
rendered brackish by the influx of fresh-water from these 
highlands ; that the moment the slight elevation took place 
between Guiana and the Andes, and Brazil and the Andes, the 
accumulating floods were turned eastward and ploughed a deep 
channel which is now called the Amazon. The fine laminated 
beds show that they were deposited in quiet waters which be- 
came turbulent as they became shallow as indicated by the 
coarse sandstone on the top of the series. 

But “it is contrary to all our knowledge of geological de- 
posits (says Professor Agassiz) to suppose that an ocean basin 
of this size, which must have been submerged during an im- 
mensely long period, in order to accumulate formations of such 

* Mr. HuxweU has since found many more fossil shells in the south banks of the 
Maranon, thirty miles below Pebas, and the natives say they occur also at Orna- 
guas and up the Ambiyacu. 


Digitized by <^.ooQle 



GEOLOGY AND PALAEONTOLOGY. 


199 


a thickness, should not contain numerous remains of the ani- 
mals formerly inhabiting it.” To this objection I reply that 
the paucity of shells is as remarkable in the similar deposit on 
the Rio Plata, and farther, that negative evidence is no evi- 
dence at all. To quote the language of Mr. Darwin, the dis- 
coveiy of the Pebas shells u is one more most striking instance 
how rash it is to assert that any deposit is not a marine forma- 
tion because it does not contain fossils.” 


4. The Plasticity op Pebbles and Rocks. By William 
P. Blake, of San Francisco, Cal. 

At the Newport meeting of this Association in 1860, the at- 
tention of the members was directed by Mr. Charles H. Hitch- 
cock to the peculiar elongated structure of the conglomerate at 
Purgatory.* In that communication and in a subsequent 
elaborate paper by the late Professor Hitchcock, published in 
the “American Journal of Science,”! it was maintained that 
the pebbles composing the Newport and other conglomerates 
had been elongated, compressed and distorted by tension and 
pressure after having been rendered plastic by an elevation of 
temperature. 

Objections were made at the Newport meeting to this view 
, of the origin of the structure, one eminent geologist and 
physicist, Professor Rogers, arguing that these pebbles had 
not been drawn out, that their original forms as deposited 
had not been changed, but that their peculiar elongated 
forms were due entirely to their having been moulded by 
wave action out of oblong fragments of the original meta- 
morphic rocks. 

At subsequent meetings the subject has been more frilly dis- 
cussed, and there yet appears to be considerable difference in 
opinion among geologists, upon the origin of this peculiar 
elongated and flattened structure. Other localities have been 

• “ Geology of the Island of Aquidneck,” Proc. Amer. Assoc., xiv, 1860. 
t Amer. Jo urn. Science [2], xxxi, 372, May, 1861. 
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noticed in Vermont* and in Maine, f and I now present some 
fresh evidence from the distant regions of Arizona and Cali- 
fbmia upon this interesting question. 

In Arizona Territory, near La Paz upon the Colorado River, 
there are extensive outcrops of a conglomerate made up of a 
paste of micaceous schist filled with pebbles of granular 
quartz, varying in size from an inch, or less, in diameter to 
masses weighing many pounds. 

These pebbles, in general, present phenomena of elongation 
and compression similar to those of the Newport conglomerate. 
They give even more conclusive evidence of having been drawn 
out and compressed. 

Elongated forms, with flattened drawn-out ends, blending at 
times with the mica schist are most common. The pebbles 
generally separate easily from the matrix and the ground is 
covered with those that have been detached by weathering, and 
which are now mingling with the modern alluvial drift. Ail 
these pebbles are uniform in texture and appear to have origi- 
nally been much water-worn and well rounded by attrition. 
Some of the pebbles show that they have been broken across 
in several places, in different directions, and that the fragments 
have been reunited or reconsolidated as strong as before. 

I was formerly skeptical in regard to the asserted distortion 
and plasticity of the Newport pebbles, and favored the expla- 
nation that the elongated forms were produced by wave-action, 
but the examination of the Arizona conglomerate convinces 
me that not only it, but the Newport conglomerates, and those 
of many other localities, have been distorted and drawn out 
and compressed. I am sure that the examination of the out- 
crops would satisfy even the most skeptical. 

But the evidence of distortion of hard rocks on the Pacific 
Coast does not rest with the Arizona conglomerates only, it is 
found on a large scale upon the flanks of the Sierra Nevada of 
California. Those who have ascended the lower slopes of the 
range in the gold region are familiar with the remarkable out- 

* By Professor Hitchcock. See Final Report upon the Geology of Vermont. 

t By Professor Charles H. Hitchcock. Preliminary Report upon the Geology of 
Maine, 1881. The distortion of rigid pebbles appears to have been noticed by Pro- 
fessor Edward Hitchcock, as early as 1833. See Report upon the Geology of Mas- 
sachusetts. 
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crops of slates well described by the name of “gravestone 
slates,” given to them by the miners from their resemblance to 
gravestones. They stand above the earth in long lines, like 
tall tomb-stones, and are sometimes ten or fifteen feet high, 
and are not over three or four feet broad at the base. 

These slates vary in composition ; some are like roofing slate, 
others are arenaceous, and some are semi-metamorphosed con- 
glomerates with small pebbles. They are principally of the 
secondary period. 

An examination of these remarkable slates shows that their 
peculiar form is due to the elongation of the grains which com- 
pose them, and consequently of the whole mass. The con- 
glomerates show the elongation with the greatest distinctness. 
In some outcrops pebbles appear to have been stretched as 
much as twice or three times their original length or diameter. 
They are not only drawn out but flattened so as to become 
long lenticular masses, thus giving a slaty structure to a rock 
originally made of rounded pebbles. Examples might be mul- 
tiplied almost indefinitely. Vast masses of rock have been 
thus acted on, and this drawing out and elongation of moun- 
tain masses of rock is more common than has been generally 
supposed. 

All these phenomena indicate that the flexure or folding of 
rocky strata on a large scale must give rise to great tension 
upon the outer curve of the bend. Professor Hitchcock 
supposes the tension by which the rocks were elongated 
to have been produced in this way in some cases. He remarks 
also, that the Vermont rocks appear to be stretched in the 
direction of the dip, while at Newport they are elongated hori- 
zontally. Nearly all the examples in California show the 
elongation to be in the direction of the dip. But I believe the 
rocks to have been subjected to a much greater elongation than 
can have been given by any folding. I regard them as having 
been subjected to direct tension over large areas, and generally 
in vertical or highly inclined planes. Moreover, these elon- 
gated masses do not appear in such positions that we can re- 
gard them (at least in most cases) as forming portions of 
great anticlinal arches. They may form the sides of great 
synclinal troughs and have been under great tension during 
A. A. A. 8. VOL. xvm. 26 
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subsidence of a mass of formations in the centre of the 
trough. 

It may here be observed that this great elongation of rock 
masses, and the flattening of all the grains of sand and of peb- 
bles which compose them (an elongation in some cases to twice 
or three times their original length), has been accomplished at 
the expense of their thickness. Thus strata so elongated are 
much thinner than in their unstretched condition. This is a 
consideration which bears directly upon the discussion of the 
probable height of anticlinal folds. 

With regard to the condition of the quartz pebbles, and of 
the rocks during the process of elongation, there is room for 
wide speculation and a variety of hypotheses. Scrope, Beau- 
mont, Scheerer, Hunt and others, maintain that all the deep- 
seated rocks become plastic. We cannot, of course, easily 
conceive how this distortion of the hard pebbles could have 
been effected when in their ordinary condition. That rocks are 
much softer in the bed or quarry than after they have been 
raised and exposed to the air, is a familiar fact to all miners 
and quarrymen. This softness of rocks may perhaps be, and 
probably is, increased by an elevation of temperature. We 
may legitimately invoke the agency of heat and water to aid 
us in accounting for these interesting phenomena, but I con- 
ceive that it is not necessary for us to believe that these 
changes of form were effected at very elevated temperatures. 
There does not appear to have been anything like semifhsion or 
viscidity of the mass, and when I use the term plasticity I do 
not connect with it the idea of any great softening produced 
by heat. The consideration of the phenomena leads me rather 
to the conclusion that enormous and long continued pressure 
and tension, at a moderate elevation of temperature, perhaps 
(but not necessarily so) , have been sufficient to produced the 
molecular movement of these hard and apparently unyielding 
materials. Water permeating the mass, or the vapor of water, 
may faciliate this movement, but there does not appear to 
me to have been any condition involving a great chemical 
change. The evidences of such changes are wanting. Me- 
chanical force alone appears to have been the agent. This I 
not only consider to have been the cause of the distortion of 
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pebbles and rocks, but to have been sufficient to reunite frag- 
ments of pebbles or rocks so as to make them homogeneous. 
This may be by some considered as an example of cementation 
by solutions — a kind of rock regelation — which certainly 
might occur and probably does, but we are not precluded from 
the conception of the possibility of the fragments being 
reunited simply by pressure, when under favorable conditions. 
I may here refer, in support of this view, to the beautiflil ex- 
periments made by Mr. Hungerford at the Chicago meeting, in 
reuniting the fragments of ice when at such a low temperature 
as to preclude the idea of there being any fusion of the con- 
tiguous surfaces of the fragments. Examples of the mobility 
of the particles of metals at our ordinary temperatures are nu- 
merous and familiar. 

Lead at a temperature below fhsion is forced by hydraulic 
pressure into pipe ; every coin and medal has been moulded by 
pressure, and iron may be forged or drawn into wire either hot 
or cold. Tersca* has shown that under enormous pressures 
solids can be made to flow in the same manner as liquids or 
that in their movements they follow the same law. If a strong 
cylindrical mould be taken, open at one end and partly closed 
at the other, discs of iron placed in it may be forced out of the 
small opening by powerful pressure from a follower or piston 
in the cylinder, and these discs are changed into cylinders or 
a mass of elongated cones. It may here be observed, inciden- 
tally, that in this we appear to have a direct illustration of the 
mode of formation of the curious forms found in rocks called 
stylolites, and of those generally known as “cone within 
cone,” described by Professor Marsh at the Burlington meet- 
ing, the former of which was regarded by him as the result of 
pressure, and the latter of pressure on concretionary structure 
when in process of formation, while the rocks were soft or in 
aplastic state. The distortion of fossils is another familiar 
example of rock plasticity. Tyndall, in the appendix to his 
work upon the “Glaciers of the Alps,” expresses the opinion 
that a mass of solid glass may, by pressure, be forced to per- 
manently change its form, and that some rigid pebbles of 

* Mlmoire but l’lconlement des corps soUdes sounds it de fortes pressions par 
JL H. Tresca, Compte Rondos, T. LIX, 1864, p. 764. 
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quartz, in the Museum of the Government School of Mines, 
have been squeezed by enormous pressure against each other 
so as to produce mutual flattening and indentation. We have 
also an example in the columns of the House of Representa- 
tives, quarried on the banks of the Potomac, where the calca- 
reous pebbles appear to have been forced by pressure one into 
the other. Professor Ramsay described the pebbles in the 
Museum of the Government School of Mines, as from three to 
nine inches in diameter, and he thought that the indentations 
were produced by wearing or the rubbing of one pebble 
against another while under great pressure, and perhaps partly 
by the aid of intervening grains of sand. Mr. Sorby regards 
the interpenetration or impressment of pebbles as due to me- 
chanical and chemical agencies combined, and cites the fact 
that in the majority of substances mechanical pressure in- 
creases their solubility. 

Such explanations are not satisfactory for the Arizona con- 
glomerate. Mechanical pressure and tension alone appears to 
me to have accomplished the result. This also appears to me 
to be the most satisfactory explanation of all other examples 
that I have seen. There does not appear to have been any 
solution, or at any rate not sufficient to affect the form and sur- 
face of the original pebbles. The Arizona pebbles are almost 
as clean and smooth as if just out of the bed of the brook. 
They separate 'readily from the lamellar part of the rock. 
They are not cemented to it as would probably be the case if 
they had either been softened by great heat or partly dissolved 
or acted upon chemically. So also in the case of the large 
masses of rock, the outlines of the small pebbles do not be- 
come obliterated although the form is so much changed that 
they can hardly be recognized as having been originally in 
the form of pebbles. 

In these phenomena we see how a rock which was originally 
granular and made up of pebbles may become entirely changed 
in structure. Deposited as a conglomerate it may become a 
lamellar slaty mass extended in one direction to twice its 
former linear dimensions. It will split up or cleave easily in 
one direction and not in another, and will weather unequally 
as we find in the sharp outcrops of gravestone slates of 
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California. The same elongating and compressing forces ap- 
plied to finer sediments must of necessity greatly modify their 
structure and cleavage, but the change of texture, owing to 
the fineness of the particles, does not become visible to the eye. 
By the carefhl study of these phenomena of plasticity new 
riews are opened to us of the structure of great rock-masses ; 
of the phenomena of plication, of lamination and of the origin 
of some structural peculiarities of mineral veins and their in- 
closing walls. In view of all the facts I think that geologists 
should be more willing to admit that very great changes have 
been produced in the structure of rocks and rock-masses by 
simple mechanical force unaided by any great elevation of 
temperature or by extraordinary chemical agencies. 


5. On Some Recent Geological Changes in North-eastern 
Wisconsin. By G. R. Stuntz of Lancaster, Wis. 

[Communicated orginally, March 12, 1854.] 

This is the second season I have spent in this new and but 
partially explored region. In the summer of 1852, I arrived 
on this part of the lake, with a party of twelve men, for 
file purpose of extending the Surveys of the United States 
bordering upon the south-west coast: and, also, of running 
the boundary line between the State of Wisconsin and the 
territory of Minnesota. Since the completion of those works 
I have been voyaging in all directions through this country 
and between the lake and the Mississippi River. The peculi- 
arities of this lake are fully described by Foster, Whitney and 
Dr. Owen, in reference to tides, in their able geological re- 
ports ; also to a change of water-level in the lake. I would here 
state that since my arrival at the mouth of the St. Louis River, 
in July 1852, the water of the lake had fallen, and was on the 
first of November, 1853, twenty inches lower. This is proba- 
bly the periodical change of level. There is another change 
of level apparent, which I do not recollect having seen noticed 
in any report. That is the gradual rise of water at this end 
of the lake, and the falling of the same at the east. 


Digitized by v^.ooQle 



206 


B. NATURAL HISTORY. 


The mill race at the falls of the Ste. Marie River, only a few 
years since, was used by good sized Mackinac boats as a canal 
in making the portage around those dangerous Rapids. In the 
summers of 1852 and 1853, this mill race was entirely dry, 
which fact is referred to by J. W. Foster in his able report. 
The wearing away of the channel, upon a hasty view of the 
subject, would be the natural conclusion, but the facts do not 
warrant it. Should the tributaries that pour an unceasing tide 
be cut off, except enough to counteract evaporation, and should 
the river Ste. Marie continue to discharge the same volume as 
at present, which is about one billion, eight hundred and forty- 
eight million, three hundred and twelve thousand cubic yards 
per year ; and should Lake Superior be allowed to contain 
thirty-two thousand square miles, it would take over fifty-three 
and a half years for the lake to fall one yard, which is about 
the original depth of the mill race before referred to; and 
this is a much longer period of time than has transpired since 
that race was used for the purposes before mentioned. 

The small stream at Pind ell’s mill, a few miles above Ja- 
quois Point, runs with a rapid current to the lake, having no 
marshes, and not widening nor giving any indications that its 
valley is overflowing by the lake setting back into it, but on 
the contrary the formation of sand about the mouth indicates 
a gradual receding of the waters of the lake. As you go 
westward, the Ontonagon River exhibits a slight filling up. 
The valley near the mouth shows that at the time it was exca- 
vated the surface of the lake was lower than at present. The 
same is also apparent at the mouth of Bad River still farther 
west. 

At the mouth of Bois Brul6 the same thing is exhibited, only 
to a greater extent. From this to the west end of the lake 
not only does the lake set back into the valleys of the streams, 
but the waters are making rapid encroachments on the banks. 
So rapidly is the filling back, that the deposits of the streams 
do not keep pace with the filling up. The consequence is, 
that there is a large marsh and pond in the mouth of the valley 
of Bois Brul6 and Aminecan River. But nowhere is this filling 
up more apparent than in the bay above the mouth of the St. 
Louis River. In several parts submerged stumps, several feet 
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below the present water level, are found. The numerous inlets 
surrounding the main bay, when we consider the nature of the 
soil and the formation (a tough red clay), in all of which the 
water is deep, could not have been excavated in the natural 
course of events with the water at its present level. The tes- 
timony of the Indians also goes to strengthen the same conclu- 
sions. At the time of running the state line above mentioned, 
the Indians, ever jealous of their rights, called me to a council 
to inquire why I run the line through Indian land. In the ex- 
planation, I gave, using the language of the law as a starting 
point, the lowest rapid in the St. Louis River. The chief im- 
mediately replied, that formerly there was a rapid nearly oppo- 
site the Indian village. Start, said he, from that place and 
you will be near the treaty line. After he had been farther 
questioned I learned that it was only a few years since the river 
was quite rapid at the Indian village. At the time the said 
line was run the first rapid was about one mile by the stream 
above the village. From these facts, I conclude that a change 
is taking place gradually in the level of this great valley. 
This change may lead in time to as important results in 
changing the geography of the country as have taken place 
within a comparatively short period of time in the valley of 
the St. Croix. The St. Croix Valley is about forty miles in 
diameter north and south, and about one hundred, or one hun- 
dred and twenty miles, east and west, surrounded, or nearly so, 
by ranges of trap hills, which attain nearly a uniform height of 
six hundred feet. These time enduring barriers withstood the 
warring of the elements until within a few centuries past, when 
some change, probably not unlike the above, assisted them in 
breaking away at the falls of that river, discharging a volume 
of water through that narrow gorge, which in its native se- 
renity, crystal purity, and quantity, would vie with any of the 
great sisterhood of lakes. But it has gone foaming and tum- 
bling to the Gulf of Mexico, and we can only read traces of 
its onward flight in the numerous terraces along the river 
banks below, and the excavation of Lake St. Croix and Lake 
Pepin, and the piling of terraces along the father of waters as 
low down as the mouth of the Missouri. 

In the valley above the falls you find, what you would expect 
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to find, after the lapse of a few hundred years should any con- 
vulsion of nature change the valley of any of the great lakes 
to dry land, extensive sand planes, slightly timbered with 
stunted pines. There are exceptions, it is true, but the line of 
demarkation is as plain as though the event of draining took 
place only last year. What is called Wood Lake timber, is a 
narrow belt of elevated timber land, extending from the south- * 
east side of the valley towards and nearly to the mouth of 
Kettle River. This ridge, having a good soil of clay and loam 
resting on a sub-soil of sand and gravel, from its elevation must 
have been drained at a much earlier day than the balance of 
the valley. 

On all the streams, so far as I have examined, these appear- 
ances are the same. Standing at a point a few miles to the 
north-east of the mouth of Wood River, you are near the cen- 
tre of a system of rivers coming from all the points of the 
compass, except the great outlet on the south, Upper St. Croix 
on the north-east, Namekagon on the east, Yellow River, Clam 
River and Wood River from the south-east, the first of these 
last three flowing through a chain of lakes of some twenty 
miles in extent, containing white fish in abundance. On the 
south-west come in Sunrise River and one or two smaller 
streams, from the west Snake River, and from the north-west 
and north Kettle River and several smaller streams. These 
streams ; flowing from the high rocky barrier before spoken of, 
present a variety of scenery and a variety of soil alike inter- 
esting and valuable. 

In connection, it might not be out of place to remark that 
other facts present themselves to the mind of the student of 
nature, intimately connected with the above. 

Throughout the great valley of the Mississippi and border- 
ing upon many of the great lakes are found mounds and 
tumuli, evidently the work of men’s hands: — the labor of a 
race long since passed to oblivion, except as yet this single 
trace of their existence. That they were a numerous race 
these mounds plainly indicate. That they were skilled to 
some extent in the arts, their mining operations at Ontonagon 
on this lake, near the Minnesota Mining Co.’s works, plainly 
prove. That they were the same people that inhabited the 
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Mississippi Valley, the various implements would also indicate* 
I have in my possession a stone hammer which I found at the 
ancient copper diggings near Ontonagon, and I have seen sim- 
ilar ones obtained in the vicinity of ancient mounds at Bock 
Island, Illinois. 

This people, whoever they were, occupied or built their 
* mounds, for whatever purpose they were erected, upon the finest 
sites the country afforded. You will find them on the finest 
situations fi>r building along the great rivers, and on elevated 
localities commanding the finest views of the surrounding 
country. This is particularly remarked by every traveller on 
the Upper Mississippi, and the St. Croix below the falls. 

As you ascend this last mentioned stream, a short distance 
above Moriere, you find several unusually large mounds in a 
small plain, elevated some sixty, perhaps one hundred feet, 
above the river. Thence following the river you pass the rocky 
gorge or Dalles and enter the valley of St. Croix above the 
falls. The same beautiful river rolls at your feet, and in going 
up a succession of banks, grassy slopes greet your sight ; but 
file mounds are not there, and, for the distance of seventy- 
five miles by the stream, I have looked in vain for these relics 
of that obliterated people. 

At the mouth of Yellow River they are again found, occu- 
pying, as before, the most beautiful sites the locality affords, 
and at an elevation nearly equal to the southern rim of the 
basin. From this point nearly in a straight line and lying in- 
termediate with the falls of St. Croix, are situated Yellow 
Lake, Clam Lake and Wood Lake, all occupying elevations 
nearly equal to the rocky barrier over which the waters were 
formerly discharged at the falls before mentioned. At each of 
the two last mentioned lakes a single mound of the same de- 
scription occupies a prominent place in the delightful scenery 
of the lake. At Yellow Lake, the most attractive of the three, 
they are found in great numbers, extending down the river 
several miles, but in every instance occupying the highest ele- 
vations. In my examinations on two trips through this an- 
cient lake-bed, I have failed to find any mounds on lower situ- 
ations than those above described/ 

Then if this view should not be proved incorrect, we have 
A. A. A. 8 . VOL. xvm. 27 
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one geological event coupled with the operations of this an- 
cient people. And we cannot avoid coming to the conclusion 
that these mounds were built prior to the wearing away or 
breaking down of the falls of St. Croix, and that the trip 
from the Mississippi to Lake Superior was one of ease and 
pleasure compared with the journey of the present day through 
almost impenetrable forests. I hope some one better pre- 
pared to carry out and systematize a series of observations 
may profit by the above. 


6. The Gems of the United States. By Dr. A. C. Hamlin, 
of Bangor, Maine. 

With the exception of the emerald, all of the gems in more 
or less perfection are found within the limits of the United 
States. The diamond has been discovered in California, among 
the Bocky Mountains and along the gold belt which extends 
from Central Alabama through the Atlantic States to Mary- 
land. In Alabama, Georgia and the Carolinas the itacolumite, 
which has been regarded as the matrix of the diamond in the 
Urals, Brazil and Hindostan, appears in extended ledges, and 
even rises to the magnitude of mountains. In 1866, while ex- 
ploring the auriferous regions of Alabama and Georgia, I 
recognized this rock in many places, especially nearGainsville, 
where it crops out in great ledges. 

Diamonds have been found along the course of the itacol- 
umite, especially near Gainsville and farther to the north-east, 
at the Glade and Horshaw gold mines. Some of these stones 
were of several carats weight and of fine water. One of these 
which had been polished in London was shown to me at Gains- 
ville, and it is a gem of the purest water. From information 
obtained from the residents of these regions and from personal 
examination of the localities, I have but little doubt that ac- 
tive research with the application of skilled labor [for the 
diamond is not easily recognized in its rough state], will bring 
to light many fine stones. A splendid stone was destroyed by 
the stupidity of the laborers at the Horshaw mines a few years 
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ago. A beautiful gem of 24 carats was found in 1856, near 
Richmond, Va. 

The garnet is found in many of the States, and of sufficient 
purity for the purposes of the lapidary. At Fitchburg, in 
Massachusetts, beautiful little pyropes are found in the alluvial 
sands. In Delaware County, Pennsylvania, pyropes of larger 
size, but of less beauty of color, are also washed out of the 
alluvial soils. All along the Rocky Mountain slope clear gar- 
nets have been observed. In the sands of New Mexico the 
Indians find garnets of considerable size and equal to the best 
of the Syrian stones, exhibiting the crimson and violets tints 
of the oriental garnets. At Pike’s Peak, in Colorado, garnets 
of less size, but of even finer tints, are washed out of the 
gravel beds by the gold miners. These are the finest of 
the species in America, and with the exception of the rubel- 
lite, they approach in color nearer the ruby than any other 
stone. Beautiful cinnamon garnets occur at Phippsburg and 
Parsonfield, Me., Warren, N. H., and in many other places 
in the States, but they are rarely sufficiently perfect for 
ornaments. 

Chrysoberyl is found at Haddam, Ct., in New York, Ver- 
mont and in Maine, but few transparent crystals have yet been 
discovered. Spinel occurs in New York and New Jersey, but 
the crystals are generally opaque. Zircon is widely distributed 
in the States, generally massive and opaque. The finest crys- 
tals come from Buncombe County, North Carolina. The 
iolite, known as the sapphire d’eau of Ceylon, has been found 
at Haddam, Conn., and in other places in New England, but 
fine specimens are quite rare. It is often pleochroic, exhibit- 
ing different colors when viewed in different directions. The 
topaz occurs at Trumbull and Middleton, Conn., and in North 
Carolina, but the colors are generally very faint, and transpa- 
rent specimens too small for the purposes of the lapidary. 
The amethyst is found in rare perfection in various parts of 
the United States. Oxford County, in Maine, Berlin Falls, in 
New Hampshire, and Bristol, R. I., furnish beautiful speci- 
mens. Fine stones are found in Delaware County, Pa., and at 
Kewanan Point, Lake Superior, but they are more plentiful in 
Georgia than in any other State. Several varieties of opal 
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are found in the United States, but none of good quality like 
the precious and fine opals of Mexico. 

Sapphires are found in several of the States ; at the Chester 
emery mine in Massachusetts, in New Jersey, in Connecticut, 
New York, California, Pennsylvania and North Carolina, but 
they are generally massive and opaque. At El Dorado Bar, in 
Montana, however, they occur in transparent and well defined 
crystals of six-sided prisms and also in the amorphous form in 
the alluvial sand, together with native gold. Crystals of sev- 
eral carats weight have been picked up out of the pan, where 
they have settled down in consequence of their gravity during 
the process of washing the gravel for gold. Sapphires of al- 
most all colors have been found there) the red, green, blue, yel- 
low and white, and some of them are of considerable value. 
They resist the action of the fire and do not change color when 
exposed to the strongest heat of the forge. No systematic 
search has been made for these precious stones at this locality, 
although they seem to occur in abundance. The gold washings 
of this Bar are now abandoned. 

The beryl — the subspecies of the emerald — occurs in many 
parts of the United States. It has been found in great perfec- 
tion in the granite hills of Oxford County, in the State of 
Maine, and more especially in the ledge at Royalston and 
Fitchburg, in Massachusetts. In gash veins of qnartz, occur- 
ring in granite in North and South Royalston, beautiful crys- 
tals of this gem have been discovered, some of them exhibiting 
the longitudinal striae and the aberration of colors which dis- 
tinguish the remarkable beryls of the Altai Mountains in 
Siberia. Lively sea and grass green, light and deep yellow ; 
also blue crystals of various shades have been found at this 
locality. At the quarries at Fitchburg, beryl of a rich golden 
hue, approaching the chrysoberyl and topaz in color and hard- 
ness, and closely resembling the yellow diamond in lustre, have 
been blasted out. All the deposits where the beryl occurs 
seem to be very superficial, and at Royalston and Fitchburg 
the crystals appear to arise from the felspar, becoming clearer 
and more perfect as they penetrate the quartz. All of the 
crystals found during my explorations at these localities were 
thus connected with the felspar. This rule, however, was not 
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observed at Mount Mica, where all the beryls were generally 
enveloped in quartz or albite, and unattached unless to crystals 
of muscovite. 

Tourmalines of great perfection and variety of colors have 
been found at Mount Mica, in the State of Maine. This little 
hill — which is perhaps one of the most remarkable mineral lo- 
calities on the globe, since nearly forty varieties have been 
found there within an area of thirty feet square — is one of 
northern spurs of streaked mountain in the town of Paris, in 
Oxford County. The mineral deposit was discovered in 1820, 
by Hon. E. L. Hamlin and Dr. Ezekiel Holmes when students, 
and whilst searching for minerals. At that time about forty 
crystals of tourmaline, some of which were quite perfect in 
form, of fine color and limpidity, were picked up on top of the 
ledge, or found in the earth which had accumulated around its 
base. Since this period the place has been visited by mineralo- 
gists from time to time and the entire deposit blasted out. 

Some magnificent crystals of rare perfection of form and of 
beautiful colors have been found there. Some of these crystals 
were several ounces in weight, several inches in length and 
more than an inch in diameter. Some were red at one ex- 
tremity and green at the other. Others were red within and 
green at the circumference. Superb stones of this description 
and arrangement of colors, but of less size, have also been 
discovered there, and they called forth the remark from the 
elder Silliman that they were incomparably fine and without a 
parallel in the world. Nearly all the varieties of this remark- 
able gem have been found at Mount Mica, — the clear light 
green, like those from the dolomites of St. Gothard, the pink 
of Elba, the white and yellow of Ceylon, the dark smoky green 
and blue of Brazil, the lighter blue of Sweden, and the fine 
red and green of Siberia. In some of the crystals the red 
passes into blue, and the blue into black or into green ; in 
others the white changes into red, green or blue, exhibiting 
many intermediate shades. Generally the transitions and gra- 
dations of color are imperceptible as they pass from one into 
the other, but in some crystals the line of demarkation is well 
defined. 

The tourmalines of Mount Mica occur in a coarse granite 
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resting upon mica schist, and were probably deposited from 
above and from solution. The granite appears in layers, and 
the tourmaline streak penetrates across and through them with- 
out any reference to seam. Coarse and opaque crystals of sev- 
eral inches in diameter and nearly a foot in length, are found in 
the albite and masses of quartz, but all the fine and transparent 
prisms have been found in cavities whose walls were composed 
of smoky quartz and albite. In these cavities (which have been 
found of a size varying from few inches to several feet in 
length,) the tourmalines appear either loose in the disintegra- 
ted cookeite or arising from the interior walls and sometimes 
penetrating crystals of the matrix. A few feet below the sur- 
face the tourmaline streak disappears and the walls show 
quartz, albite or granite destitute of other minerals. This 
superficial degree of deposit is not confined to the tourmaline 
alone but is noticed with most of the other gems. 

The sapphire, diamond and emerald are found near the sur- 
face, and this rule is well exemplified in the occurrence of the 
amethyst in the mines along the Rocky Mountain slope, where 
it vanishes at the depth of ten to twenty feet, although the 
quartz crystallizes in a colorless state even at the great depth 
of six hundred feet below the surface. It seems as though the 
gems required some ray of light or some effect; of the atmos- 
phere to build up their forms and perfect their hues. Although 
it is a common belief that tourmalines are of inferior value, 
they are not really so, and they should take a high rank among 
the first of the gems. For none exceed them in the phenomena 
of physical properties, or in complexity of composition, or in 
the vast range of their colors; and their hardness is quite 
equal to the emerald, which they surpass in refractive powers, 
whilst their dispersive energy exceeds even that of the sap- 
phire and topaz. 

There are many localities in the world where this stone is 
found, but fine specimens are rare, and when they are limpid 
and approach the emerald, the topaz and the sapphire in hue, 
they are sold for those gems. The red tourmaline, the rarest 
of all gems, when free from faults and of fine colors, accord- 
ing to the eminent authority of Professor Beudant of Paris, is 
sold at the price of the ruby, the most costly of all the gems. 
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The finest specimens of the tourmaline species known in the 
world have been taken from the now exhausted locality at 
Mount Mica. Some beautiful crystals of splendid color have 
been found in loose boulders at Hebron, Maine, but the parent 
ledge has not yet been discovered. There are other localities 
in the United States where these stones opcur, but they are 
opaque or of very poor color and imperfect crystallization. 

There is no gem, not even the sapphire, which surpasses the 
tourmaline in variety of color, and as Barbot has remarked, 
“it seems as if nature had wished to prove to man that she 
could imitate quite perfectly that which she had created the 
most perfect.” 

The Spaniards, under Cortez, whilst on their march to the 
capital of Mexico were astonished at the size and beauty of 
the emeralds and turquoises that decorated the persons of the 
'chiefs who came to join them as allies or visit them as envoys 
from Montezuma. And after the conquest of the country they 
sought in vain for the mines whence these emeralds and tur- 
quoises came. The emeralds undoubtedly came from Central 
and South America, and were brought overland or along the 
coast as an article of trade, since they have not been found 
anywhere in the United States or Mexico. 

The turquoise, the Mexicans said (in reply to the question of 
the Spaniards), came from the far north, but the mines were not 
discovered until recent times. The histories of the Spanish 
occupation of Mexico make no mention of these mines — at 
least so far as I am acquainted with them. A mine of great 
antiquity is situated in the Cerillos Mountains, eighteen miles 
from Santa F6 in New Mexico. The deposit occurs in soft 
trachyte, and an immense cavity has been excavated by the 
Indians in past times whilst searching for this gem. Within 
a few years the Navajo Indians have revealed the existence of 
a mine in the Sierra Blanca Mountains in New Mexico, but 
they will not allow strangers to visit it. Stones of transcen- 
dent beauty have been taken from it and handed down in the 
tribe from generation to generation ^s heirlooms. 

Nothing tempts the cupidity of the Indians to dispose of 
these gems, and gratitude alone causes them to part with any 
of these treasures, which, like the mountaineers of Thibet, 
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they regard with mystical reverence. The Navajos wear them 
as ear-drops, by boring them and attaching them to the ear by 
means of a deer sinew. Lesser stones are pierced, then strong 
on sinews, and worn as necklaces. Even the nobler Ute In- 
dians, when stripping the ornaments of turquoise from the ears 
of the conquered Navajo, value them as sacred treasures, and 
refuse to part with them even for gold or silver. One of these 
magnificent stones was presented by the Navajo chief to 
Major-General Carleton, when Governor of New Mexico, and 
it may be taken as the type of the American turquoises, al- 
though there are larger stones in possession of the tribe. 
It is nearly an inch in length, one-third broad and one-fifth 
in depth, and equal, in purity and delicacy of tint, to the 
best of the Persian. Other mines have been reported as occur- 
ring along the Rocky Mountain range, but I have not been 
able to obtain any reliable information concerning them. 


7. Studies in Chemical Geogony.* In three farts. By 
Henry Wurtz, of New York. 

Introductory Remarks. 

These being subjects on which volumes might be written, 
the whole must needs be condensed, on such an occasion as 
the present, into a few brief notes, more or less disconnected, 
as I fear ; and to views but partially expressed. 

I have long held that the principle which should pervade and 
strictly govern all researches into the chemical conditions prev- 
alent during past geological time, is to seek out the great 
natural chemical operations prevalent at this day, and trace 
them back to their necessary spring and beginnings. 

It is true that actual laboratory researches into the char- 
acters and composition of the products and relics we possess 

of those far distant times, are as yet wofully deficient, and be- 
/ 

♦The following series of notes was prepared to be read at the Chicago meeting, 
in 1868 , and the titles were there announced in the published lists; but as the au- 
thor was not able to be present then, he preferred to await the Salem meeting.— 
H. W. 
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fore the day shall come when the riddles of the past shall be 
read, and its many mysteries unveiled, in the light of perfect 
theory, myriads of laborious researches, both analytical and 
synthetical, must be made ; still I believe that enough has al- 
ready been done in this field to justify some attempts at gen- 
eralization. And though these be conceded to be pure hypoth- 
eses, still the history of science establishes the value of such 
hypotheses, as starting points, in stimulating discussion and in 
suggesting modes and subjects of experiment. 

L Os THE PSOZOIO ATM08FHEBB AND THE OCEAN OF THE ZOIC DAWN. 

It cannot be doubted that it was during the time of the 
deposition of the earliest sediments of the ocean, which are 
known to us now only in the forms of compacted and crystal- 
lized metamorphic masses, that life began, and that it had its 
beginnings in the waters of the ocean. The exterior Ocean of 
Atmosphere, though supporting no life in its own bosom at 
first, I believe to have been then, as now, most intimately and 
essentially connected, through the medium of the waters, with 
the life of the latter. 

I shall begin by saying at once, and concisely, that my gen- 
eralizations have led me inevitably to a novel conclusion, which 
will doubtless startle some ; that Life was at the outset, has 
always been, and always must be, the governing influence in 
all chemical changes that have occurred and will occur, in the 
air, in the waters, and on the earth. 

[It is not without a purpose that I here use the word influ- 
ence. The words force and power I avoid, in laying down this 
principle, for reasons which I shall give at length on another 
occasion.] 

In a previous paper I have put forth the proposition that at 
the Zoic Dawn the ocean must be believed to have been wholly 
in an oxygenated condition ; that is, its constituents were at 
their maximum of oxidation. What then was the condition of 
the atmosphere corresponding to this ? Before replying to this 
I must first propound another question, which involves an ap- 
peal to my fundamental doctrine of tracing back present 
changes to their beginnings. What, then, is our only known 
source of oxygen at present? Evidently the decomposition of 
A. A. A. 8 . VOL. xvm. > 38 
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carbonic acid by solar force, through the influence of plant- 
vitality; a never-ceasing agency which has continued to in- 
crease the proportion of oxygen and diminish that of carbonic 
acid in the air, since plants began to grow upon the earth, and 
has left its evidences on almost every leaf of the Book of Ge- 
ological Ages. 

Considering in connection with these facts the nature of oxy- 
gen, the greediness with which it enters into combination with 
other bodies, and applying the doctrine we started with, of fol- 
lowing backward to their beginnings all such changes as we 
find in progress, I am led to lay down, as the primary postu- 
late of a Zoic Theory of Chemical Geogony, the following: 
the Prozoic Atmosphere contained very little or no free oxygen , 
probably none; but consisted essentially of carbonic acid, nitrogen 
and aqueous vapor . 

I anticipate, of course, a host of objections to so novel a 
view. One is that although plant-growth be independent 
thereof, yet germination requires free oxygen. Some may 
even maintain the assumption that plant-life must have com- 
menced with germs.* To this speculative objection one an- 
swer is, why? Another answer, probably as speculative, how- 
ever, as the objection itself ; it is far from inconceivable, or 
even improbable that in a liquid medium containing such oxi- 
dating agents as the ferric compounds, the modification of 
eremacausis thought necessary to germination may have pro- 
ceeded through the agency of these compounds. 

Another objection may be that our present plant-life is ac- 
companied by intermittent intervals of absorption of oxygen, 
during absence of the solar ray. But in any case the vegeta- 
tive processes of the day we treat of, were in a measure inde- 
pendent of solar heat at least, if not of solar light also ; of 
which the proof, even as late as the Carboniferous, is admitted. 
To the objection that in the earliest sediments we find little 
organic, or even carbonaceous matter, I reply that (apart from 
the graphites and sulphides, both believed organic in origin) it 
is easily understood that while life might withstand the ferric 

♦Those who will attach its due weight to the Mosaic Record in this regard, I 
may remind that the Creative Hat called “ the herb yielding seed, and the fruit-tree 
yielding fruit after his kind, whose seed is in itself,” etc. The question is an 
anoient one, “ which was first, the hen or the egg?” 
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compounds, dead organic matter would quickly be burned up 
thereby, the sulphides having indeed resulted from this very 
burning process. I have applied the same principle to far 
later times, in a paper presented to the geological section, to 
explain the absence of fossils in the American Red Sand- 
stones. 

We here recognize another, and by no means a minor source 
of oxygen, namely, from the original oceanic metallic sul- 
phates, which are now extant as sulphides, having given up 
their oxygen to the atmosphere by this indirect process of re- 
duction by dead organic matter. I may add, in this place, that 
there has been still another, and a quite important source of 
oxygen, freed through vital influence ; that 0 which represents 
the proportion deficient in bituminous coals to form HO with 
the H. This represents of course 0 which has at first been 
merely transferred from H to (7, but as the (70*, once formed, 
is again decomposed and its 0 set free, it amounts to the 
same thing. 

Certain other objections to my views have been offered to me 
from time to time in conference and correspondence. With 
regard to my induction that the Ocean of the Zoic Dawn con- 
tained ferric constituents, it has been suggested that these 
would have been poisonous to life. This is but a question of 
degree, that is, of the strength of the solution. I claim only 
that the metals now present in the rocks as sulphides were 
present in the Prozoic Ocean as sulphates. The solution, in 
any case, could not have been a concentrated one. Moreover, 
the notion that ferric solutions are inimical to life, particularly 
in its lower forms, I think is unsupported by evidence. Fer- 
rous solutions are so, without doubt, but not ferric. It has 
been claimed that subaerial action of carbonic acid, on alkalic 
and earthy silicates, would introduce into the ocean enough of 
bicarbonates to render it neutral, or even alkaline, and to pre- 
cipitate all ferric oxides and hydrates. No doubt this took 
place locally , and the iron ore beds of these rocks are thus 
(and I believe thus only) to be accounted for. We have thus 
actually a new and substantial prop to my theory. Still this 
is a question of time y and to bring the whole of the vast ocean 
to a neutral or alkaline condition, must have required, as I am 
convinced, time enough for the deposition of the whole mass of 
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the Eozoic schists, if not of a portion of the Palaeozoic. I find 
that I have been misapprehended, in that I have been supposed 
to hold, in my paper on Gold Genesis, presented to this Asso- 
ciation at Buffalo, in 1866, that gold has been deposited from 
the ocean equally in all geological ages. By my views, it can- 
not but be that the oldest sulphides were the most highly aurif- 
erous, at least of those (if any such there be still in existence) 
that have been deposited from the oceanic menstruum directly. 
It is Gold Concentration , and the formation of gold veins, that 
I claimed has occurred throughout all time, and is even now 
going on ; and going on by virtue of the same agencies that 
I was the first to discover in 1858, the alternate formation, 
by oxidation, from auriferous pyrites, of ferric solutions of gold, 
and their reduction to ferrous conditions again, by farther reac- 
tions with unaltered pyrites or with organic matter. 

My farther notes on this branch of my subject must be cut 
very short. 

From the above it will be seen that my reasonings have led 
me to believe that, in Prozoic times, all the oxygen of the earth 
which now enters into the processes and changes going on 
upon its surface, all the potential oxygen of the earth (so to 
speak) was locked up in combined forms and divided between 
the earth’s hydrosphere and its aerosphere ; combined chiefly 
with iron in the former and with carbon in the latter. 

I would next present the proposition that substantially all 
the potential chlorine was contained in the Prozoic, as it is in 
the present Ocean ; as we know of no method by which chlo- 
rine (not probably oceanic) is now being introduced into the 
Ocean. As to sulphur and phosphorus , it is not certain that 
these two were aU in solution in the original Ocean, *as the fun- 
damental rocky substratum or nucleus of the earth’s crust 
being even at this time unrecognized, there is no certainty 
that it did not contain sulphides and phosphates before its sub- 
aerial erosion .began. It is clear, however, that most of the 
sulphur, and probably of the phosphorus, of all sedimentary 
rocks was in the earliest Ocean, in acid forms. This Ocean 
then contained not less combined acids than ours. 

With regard now to the metals of the Prozoic Ocean, or the 
bases with which its acids were combined; ferric and other 
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oxides of the heavy metals, as I have shown, were among 
these, bat never, of / coarse, formed more than a minor percent- 
age of the whole. One consideration is salient here, which is 
insisted on by Sterry Hunt, and scarce admits of a doubt, 
that the characteristic constituent of our Ocean, sea-salt, was 
originally present in far smaller proportion than now, and that 
it has been, at least in great part, ^ gradual product of the re- 
action of other preexistent chlorides with the carbonate of 
soda that is continually carried in by rivers. It is thus that 
the carbonate of lime of sea shells is supplied. Carbonate of 
potash is also thus carried in, but the potash would appear to 
have been eliminated again in insoluble forms, such as glaur 
conite ; while we know no provision for removal of the soda. 
What were these preexistent chlorides? Here is a point 
where, in our present condition of knowledge, there can be 
little but speculation ; and where the great field for ftiture in- 
vestigation lies. There has already been discussion as to the 
questions whether chloride of aluminum was present or not (to 
the affirmative of which I incline) : whether the amounts of 
the chlorides of calcium and magnesium, or either of them, 
were much greater formerly than now (of which I should incline 
to maintain the negative) ; which of the bases of the latter two 
chlorides predominated in the older Ocean, and so on. Sterry 
Hunt at one time made the suggestion that the waters of 
mineral springs from Silurian rocks, largely impregnated with 
these two chlorides, may be the fossil waters of the Silurian 
Ocean; but it seems probable rather that these are bitterns 
from the evaporations of enclosed portions of this Ocean. 
C. A. Goesskann, in a paper in the American Journal of Sci- 
ence, July, 1867, gives us a comparison between Sterry 
Hunt’s analysis of a salt spring* and his own of a Syracuse 
bittern, which has “practically ceased to evaporate” in the 
open air. 


(Goesskann). 


(T. 8. HyNT). 


CaO, 80* 

. 0.26 

undet. 

CaCl 

. 10.47 


9.206 

Mg Cl 

. 10.60 


9.484 

KC1 

. 3.38 



KBr 

. 0.46 

NaBr. 

undet. 

Na Cl 

. 8.76 


17.400 

Water 

. 66.19 




100.00 




* Salt spring from near Bay of Qninte. 
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Goesshann argues that this resemblance shows the proba- 
bility that such mineral waters “ originate from mother-liquors 
or bitterns of the saline residue of marine evaporation of the 
Silurian age.” 

In the same paper, Goessmann, after referring to the views 
of Karsten, upon saline springs, as published by him in 1847, 
that these springs originate usually from rock-salt of Primitive 
(volcanic) origin, and are modified in composition by subse- 
quent chemical action upon strata through which they effect 
their exudation ; and that therefore the presence of chloride of 
calcium, with other compounds, was but accidental, says : that 
the presence of this chloride has since been recognized “ as 
especially characteristic of the salt deposits of ante-tertiary 
dates. Consequently these have been considered as a pro- 
duct of the constant admixture of the oceanic waters of pre- 
ceding geological periods ; while on the other hand its absence 
in our present Ocean and in most salt deposits of a more 
recent date, is an established fact.” He doubts not that the 
composition of the Ocean has changed and is now changing, 
yet he asserts u that our ideas concerning the main features of 
the Primitive or Silurian Oceans are still vague, and especially 
so upon this point” (i. e. the presence or absence of chloride 
of calcium). 

In connection with these questions, it has occurred to me 
that Ebelmen’s results (Annales des Mines [4], xii, 67) may 
have importance. He there shows that in the alteration and 
subaerial erosion of trap, five-sixths of the lime, while not 
more than one-third of the magnesia and but half the alka- 
lies, are lost. It is to be remembered that in our present 
Ocean the total lime is but about one-third of the total mag- 
nesia. 

Deferring for the present some views of my own upon these 
points, I shall close this chapter with a brief remark upon an- 
other important element entering into these great and complex 
problems. 

To a superficial observer it might appear that, as the Ocean 
continually receives mineral matter in solution, and continu- 
ally evaporates, it should become more and more charged 
with each of its dissolved constituents. This view, however. 
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requires great modification, and here we find one of the grand- 
est illustrations of the governing influence of Life, according 
to my proposition at the outset of this paper. For example, 
as stated above, the continuous predominance of magnesia 
over lime in our present Ocean, notwithstanding that rivers 
constantly pour in several times more of the latter than of 
the former. Through Zoic influence numerous other impor- 
tant constituents of the oceanic waters are eliminated and con- 
verted into permanently solid and insoluble forms, and thus 
constantly removed, in many cases quite as fast as they are 
supplied. Among these may be mentioned carbonic acid, s vl- 
pkur, phosphorus, potash, iron and silica . 

n. Zoic History; from ▲ Chemical View-Point. 

Thi9 chapter of the memoir relates to the demonstration, 
illustration, and general elucidation of my proposition of the 
ruling influence of Life in the Chemical History of Geological 
development. The subject is so vast that I have judged it 
proper not to make a vain attempt to condense it into a com- 
pass appropriate to the present occasion. Dana purposely 
omits this and its related subjects from his great work, on ac- 
count of the “ large amount of space” that would be required 
(Dana's Geology, p. 604). 

I will but say that the general scope of my attempt is to 
show that a consistent theoretical scheme of Zoic develop- 
ment, including the breaks in Zoic history, and other readings 
of the geologic revelation, may be based on the study of the 
progressive (direct and indirect) influences of Life itself on 
the elements of the Earth, and on the forces that move and 
transform them. I claim that we have here an almost new and 
unexplored field of investigation, the working of which is to 
yield us results quite as positive, valuable, and wonderM as 
those of the study of fossils, and that the two studies will 
be found supplementary and altogether essential to each other. 
I start of course with my primary postulate, offered in the pre- 
ceding chapter, that Life found the Earth in a condition of 
completed combustion, and that it has been the sole Oxygen- 
Maker, and Deoxidizer. Herein Life has done no work, it has 
but directed or governed the working forces of the Solar Em- 
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anation, in reversing the opposing influences of chemical affin- 
ity. It is a master, not a laborer. In my philosophy I regard 
neither vitality nor affinity as forces capable of transforming 
matter. They are both rulers of the forces that transform mat- 
ter. Their reigns are antagonistic and alternating with each 
other. This is a subject which I propose to treat elsewhere. 

In gradually impregnating the atmosphere with active oxy- 
gen, Life has profoundly altered, in an infinity of ways, the 
whole chemical status of the earth’s crust, and, moreover, by 
substitution of oxygen for the preexisting carbonic acid, the 
weight and density (though not the volume) and a multitude 
of other physical conditions of the atmosphere, have been 
changed. 

As examples, I shall select, almost at random, one or two of 
the striking geological views which grow out of such chemi- 
cal considerations. As to the mode of formation of petro- 
leum, many speculations have been offered ; but the follow- 
ing /oc^ is here pointed out for the first time. The petroleum- 
bearing strata antecede the larger mass of the Carboniferous. 
It is clear, therefore, that the oxygen corresponding to the car- 
bon, and part of the hydrogen, of the huge masses of coal of 
subsequent Carboniferous strata, as well as of the fossil mat- 
ters since deposited (the Tertiary lignites for example) and of 
all now existing vegetation, had not then, as yet passed into 
the atmosphere. In an atmosphere so poor (comparatively) 
in oxygen, could decay and eremacausis proceed with the 
rapidity and intensity of our day? Would they not rather be 
necessarily so slow and imperfect that liquid products would 
be formed instead of gaseous? Of course the greater con- 
tent of carbonic acid in the atmosphere during the days of 
Petroleum-Genesis (represented now by not only all the fossil 
matter, but by all the limestones, dolomites and chalybites 
since formed) may have contributed its modifying influence. 

As another example of the intermitting sway of Life over 
the successive chemical conditions of the telluric surface, I 
introduce here what appears to me to be a new and prolific 
generalization relating to the oscillations of oxygen between 
carbon and iron in past ages. In addition to the former pos- 
tulates of my Zoic Theory of Chemical Geogony, I may in 
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fact here enounce another. In a previous paragragh, I have 
presented the induction : In the Prozoic Era , all the Potential 
Oxygen of the Earth’s surface was in combination , either with 
Iron in the Hydrosphere, or with Carbon in the Aero sphere. 

The new postulate I have to present is as follows : 

A large part of the Potential Oxygen has been swinging like a 
pendulum, under the alternating impulses af Vitality and Affin- 
ity, between Iron and Carbon, since the Zoic Dawn. 

The discussion of this Postulate would lead me too far on 
this occasion. To illustrate it I shall but present the follow- 
ing scheme, constructed in tabular form, to represent the influ- 
ence of the principle upon the chemical state of the Iron- 
Oxides in the oceanic sediments of the successive geological 
days. 


TABLE OF SECULAR GEOLOGICAL OXYGEN-OSCILLATIONS. 


Ages. 


Prozoic, 

Eozoic, 


Lower Silurian, 




Upper Silurian, . 


Devonian, 


Carboniferous, 
Permian, . . . 


Mesozoic, 


Cenozoic, . . . 


DATS. 


ii: l 


Potsdam, 
Calclferous, . . . 
Trenton, . . , 
Hudson River, 


Oneida, 

Medina, 

Clinton, 

Niagara, 


Salina, 1 

Lower Helderberg, j 


Oriskam 
Upper E__ 
Hamilton, 
Chemung, 
Catskill, 


dderberg, * 

: : : : > 


Triassic, ) 

Jurassic, .... ) 

Cretaceous, ... ( 

Tertiary, .... j 

Anthropozoic, . . ) 


Gen’l Condition of Iron. 


Ferric. 

Ferrous. 

Ferric. 

Ferrous. 

Ferric (though marine ) ; [Red 
Shales and Sandstones and 
Red Iron Ores]. 

Ferrous. 

Ferric (?) 

Ferrous. 

Ferric (for 6000 fbet). 

Ferrous. 

Ferric . 

Ferrous. 

Ferric. 


ILL Chemical Revelation of a Final Zoic Catastrophe. 

In the course of the above attempts to fathom the Chemis- 
try of the Past, indications have become apparent to me, which 

A. A. A. S. VOL. XVIH. 20 
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are applicable to the Future : and which seem to be of truly 
vital interest to the human race. There are chemical changes 
now active on the Earth’s surface, easily demonstrated, whose 
continuance must inevitably bring about the final extinction of 
man, and ultimately of all other life upon our planet. 

A single one, among the most important and inevitable of 
these, I propose here to explain. 

What furnishes the actual fundamental chemical nutriment 
or pabulum, of vital existence? No chemist will contradict, 
when I say that it is the carbonic acid of the atmosphere. 
How long is this going to last? This question many will re- 
gard as absurd, having been taught that it is restored at least 
as fast as (possibly at the present day faster than) it is con- 
sumed. The notion, stereotyped in the text-books, is that, 
whatever may have been in the past, an equilibrium has been 
reached during the age of man, between production and con- 
sumption. This cannot be, unless there can be shown a mode 
of restoration corresponding, and equivalent to, each mode of 
consumption. There is one such mode, however, still active 
and continuous, and without sign of cessation, which will ulti- 
mately exhaust the atmosphere of its carbonic acid, and thus 
put an end to organic life. This agency is itself due and has 
ever been due to vital influences. It seems part of the great 
law of Zoic development that Life slowly evolves the causes 
of its own ultimate extinction on the Earth. The agency I 
refer to is that by which marine animals with calcareous shells 
or skeletons secrete carbonates from the ocean water, the car- 
bonic acid of these carbonates having been originally derived 
from the atmosphere. Such carbonic acid thus passes into 
solid forms, permanent and for ever unavailable thereafter. 
This is where the great machine runs down, and Affinity ob- 
tains its final victory over its mysterious antagonist Vitality. 

Whenever the last molecule of carbonic acid produced from 
the combustion of all the carbon on the Earth shall have been 
locked up in this shape, no form of life now known to us can 
any longer be possible, and the present Zoic Cycle must end. 
Comparatively and geologically speaking, the end is near; 
though millions of years may yet intervene. But long before 
this end of all life, the atmosphere must gradually diminish in 
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its capacity to produce food suitable for man. No human 
power that we can discern can avert this result, Man, by 
burning up the carbon stored in eras past in the Earth’s vis- 
cera, is doing his utmost to preserve the status of the ma- 
chine, possibly even partially and temporarily rewinding it 
(here is a curious topic for speculation) ; but it must still con- 
tinuously run down. In the oceanic depths, this precious con- 
stituent of the air, in which we literally, in a higher than poetic 
sense, “ live, and move and have our being,” is continually 
undergoing 

“A sea-change 

Into something rich and strange,” 

never to reappear in form available to life, until indeed that 
time shall arrive, when u the elements shall melt with fervent 
heat and when, under the influence of this heat, the calcic 
and magnesic carbonates shall be converted into igneous sili- 
cates, rendering up again the treasures of carbonic acid in 
their marble grasp ; the atmospheric oxygen — representative of 
Affinity, enemy of Vitality — shall also then be at least partially 
withdrawn by oxidation of sulphides and of ferrous oxide; 
and the Earth be thus far advanced in preparation for a new 
Zoic Cycle, 


8. Notice op some New Tertiary and Cretaceous Fishes. 

By 0. C. Marsh, of New Haven, Conn. 

(Abstract.) 

The fossils exhibited by Professor Marsh, and briefly de- 
scribed in this communication, consisted of the remains of sev- 
eral new species of fossil fishes from the Cretaceous and 
Tertiary formations of the United States, and nearly all were 
from the greensand of New Jersey. 

Among the remains of Tertiary fishes were specimens indi- 
cating two very diminutive species of Sword-fish, each of which 
was represented by the beak, or united premaxillaries. One of 
these fossils, for which the specific name Hisliophorus parvulus 
*as proposed, was a nearly perfect “sword,” only about three 
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inches long; which would indicate that the entire fish was 
probably not more than twenty inches in length. The beak 
in this species is slender and very pointed. It is compressed 
transversely, but has the lower surface nearly flat. The brush- 
like teeth on this portion are reduced to two narrow bands. 
The remaining surface of the sword is irregularly striated. 
This interesting specimen was found in the Eocene greensand 
of Monmouth County, New Jersey, at the pits of the Squankum 
Marl Company, and was presented to the Museum of Yale 
College, by O. B. Kinne, Esq. 

The second small species of Sword-fish apparently belongs 
to a new type, allied to the extinct Codorhynchus of the 
Eocene. The beak resembles in general form that of Codo- 
rhynchus, but is much smaller, tapers more rapidly, and has the 
inferior surface flattened, and marked by two shallow grooves. 
Like the rostrum of that genus it has a double cavity at the 
base, and a single one through the main portion of the shaft. 
The upper surface is also fluted, but much more delicately than 
in any known species of Codorhynchus . When entire the beak 
was apparently not more than two and a half inches in length, 
and the whole fish probably did not exceed fifteen inches, 
which is by far the smallest sword-fish known. For the ex- 
tinct genus represented by this specimen, the name Embalo- 
rhynchus was proposed, and the species was called Embalo- 
rhynchus Kinnei , after the discoverer, O. B. Kinne, Esq., whose 
explorations in the Tertiary of New Jersey have brought to 
light many interesting fossils. This specimen, also, was found 
in the Eocene greensand, at the pits of Squankum Marl Com- 
pany. 

A new species of Phyllodus , the first discovered in this 
country, was likewise announced, and briefly described under 
the name Phyllodus elegans. It was represented by a pharyn- 
geal, dental plate, with the teeth in an excellent state of 
preservation. This specimen differs from the corresponding 
part in the known species of this genus, in its form, which is 
subtriangular, and especially in its much smaller size, as it is 
but nine and a half lines in length, or scarcely more than one- 
fourth as large as the smallest already described. In the 
number and position of the various teeth it appears to most 
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nearly resemble PhyUodus toliapicus A g. (Poissons fossiles, 
Yol. II, pi. 69 a, fig. 1) from the London clay, but differs from 
that species in having the central teeth proportionally much 
more elongated and the lateral ones less numerous. This 
unique specimen was found in the Eocene greensand at Farm- 
ingdale, New Jersey, in the pits of the Squankum and Free- 
hold Marl Company, and was presented to the Yale Museum, 
by Major A. J. Smith, the Superintendent. 

A second and larger species, apparently of the same genus, 
was represented by the central portion of the corresponding 
dental plate. It is readily distinguished from all the described 
species of Phyllodus , by the unusual thickness of the teeth, and 
by the fact that the longest of the series are considerably 
curved, so that the crushing surface of the plate is concave 
transversely. This species was named Phyllodus curvidens. 
The specimen on which it is established was found near Shiloh, 
Cumberland County, New Jersey, in the Miocene Marl, and is, 
therefore, t the most recent known representative of this type 
of fishes. 

Another new species from the Tertiary was indicated by the 
palatal plate of a fossil ray, for which the name Myliohates 
bisvicus was proposed. It differs from the species of this 
genus already described, in having the central row of teeth 
marked along the median line by a deep groove. In other re- 
spects the dental surface is remarkably smooth and flat. This 
specimen is from the Eocene greensand of Monmouth County, 
New Jersey, and also belongs to the Museum of Yale CollegA 

Among the Cretaceous specimens exhibited were several 
ichthyodorulites, which evidently belonged to Chimseroid 
fishes, and indicated a species new to science. One of these 
was a dorsal spine, nearly perfect, and about fourteen inches 
in length. It* Is somewhat curved, and remarkably slender, 
being but nine lines in antero-posterior diameter at r the base, 
and tapering regularly to the apex. It is compressed trans- 
versely, suboval in general outline, and has the posterior sur- 
face slightly concave in the lower portion. The upper half of 
this surface is armed with two rows of very sharp, dCcurved 
teeth, while the corresponding part of the anterior face has* a 
sharp cutting edge, which toward the distal end is finely ser- 
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rated. The sides of the spine are smooth, or faintly striated. 
This specimen was found by John G. Meirs, Esq., in the up- 
per Cretaceous marl bed, near Hornerstown, New Jersey, and 
the species is named Dipristis Meirsii, in honor of the dis- 
coverer. Fragments of this species, of much larger size than 
the specimen described, are not uncommon in the same geo- 
logical horizon in other parts of the State. 

Another Cretaceous species, Enchodus semistriaius, was de- 
scribed from a number of shed teeth. The most perfect of 
these was fourteen lines in length and three and a half lines in 
diameter at the base. It was slightly sigmoid in shape, com- 
pressed, and has in front a sharp cutting edge which is 
minutely denticulated. The rounded posterior surface was 
marked by delicate striae, except near the apex, which is f\ir- 
nished with a distinct barb. Some of the smaller teeth were 
more nearly straight, and apparently without the barb. All 
the specimens of this species yet discovered are from the lower 
Cretaceous Marl bed of New Jersey. 


II. ZOOLOGY. 

V 

1. Observations on Phyllopod Crustacea op the Family 
BranchipidjE, with descriptions op some New Genera 
and Species, from America.* By A. E. Verrill, of 
New Haven, Conn. 

The Phyllopod Crustacea are among the most interesting of 
the Entomostraca, as they are also by far the most beautiful. 
In size the species generally exceed those of most other groups, 
except th^ Limuloids and Cirripeds. The numerous peculiar 
natatory appendages, which are moved with a peculiarly grace- 
ful undulatory motion, give them an elegant appearance when 
in motion. In this country they have hitherto been but little 

* An abstract of this communication was printed in the “American Journal 
of Science,” xlviii, p. 344, Sept., 1889, and reprinted in “ The Annals and Magazine 
of Natural History.” In the present paper many alterations and additions hare 
been made. 
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studied, and doubtless many more forms remain to be dis- 
covered. 

Among those already described from North America, are two 
species of Apus, A . glacialis , from the Arctic regions, and A . 
longicaudatus Leconte, from the Rocky Mountains. 

In the following remarks those belonging to the Branchi- 
pidae are alone considered. 

Abtemia Leach, 1819. 

This genus is characterized by having eleven pair of four- 
jointed branchial “feet” or fins along the sides of the body, 
the middle ones being longest ; each joint bearing flat branchial 
appendages, ciliated by sharp sete, as in the other genera of 
the family. The abdomen is slender, six-jointed, the last joint 
long, terminated by two small projecting appendages, each 
bearing six to ten plumose setae. The first abdominal segment 
bears the external sexual organs of the male, and a short, di- 
lated, ovigerous pouch in the female. In the male the head 
bears in front a pair of large, three-jointed hooks or clasping 
organs, each of which has on the inner side of its basal joint a 
small, rounded appendage ; a pair of slender antennae, just back 
of these, terminated by two or three minute setae ; a pair of 
pedunculated compound eyes, and a dark spot on the middle 
of the head, which is the remains of the single eye of the 
young. The mouth below is provided with a broad labrum, a 
pair of mandibles, two pairs of jaws, and a pair of lateral pa- 
pillae. In the female the head lacks the stout claspers, which 
are replaced by a pair of comparatively small, simple, horn- 
shaped organs. 

According to Dr. Baird,* the genus Evlimene Latreille, 1817, 
was based on specimens of A. salina , which were badly pre- 
served and erroneously described. That name was, however, 
preoccupied among Acalephs. 

This interesting genus is remarkable for its habit of living 
and flourishing best in very saline and alkaline waters, such as 
the natural salt lakes of Egypt, Utah, etc., and the artificial 
brines formed by the evaporation of searwater by exposure 

* Monograph of the Family Branchipodide, etc., in Ann&la and Mag. Nat. 
History, vol. 14, p. 216, 1854. 
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to the heat of the sun, as in England, France and the West 
Indies. 

The species first made known, A. sdlina Leach ( Cancer so- 
linus Linn.), was first described by Schlosser,* who found it in 
great profusion in the brines of Lymington, England. Linn6 
indicates it also from the salt lakes of Siberia (perhaps a dis- 
tinct species, t and probably the same as that observed by Pal- 
las J in great numbers in the Great Schim616e). More recently 
it has been described from the salterns of southern France, at 
Montpellier, etc.§ The genus has been found also in the Lakes 
Goumphidich, Amaruh and Bedah in Egypt, which are re- 
ported to be both very saline and alkaline, their bottoms being 
44 covered with a layer of crystals of carbonate of soda, sul- 
phate of soda, and common salt,” while the density of the 
water is stated at 1.255. The Egyptian species appears not to 
have been described as yet. || In the Antilles A. Ghiildingi 
Thompson occurs.^ A. Milhausenii Edw. (Fischer sp.) is 
found in Lake Loak in the Crimea.** A few years ago Prof. B. 
Silliman presented to the Museum of Yale College a number 
of specimens of a new species, A. Monica V., which he collected 
in Mono Lake, California, where it occurs in great abundance 

* Observations pdriodiques sur la physique, l’histoire naturelle etles beaux-arts, 
par Gautier, 1756 (with figures). An extract from this is republished in Annals des 
Sciences nat., 2© ser., 1. 13, p. 226, 1840, in an elaborate description of the anatomy, 
development, habits, etc., of Artemia salina by M. Joly, illustrated by two excel- 
lent plates of the female and young. M. Joly failed to observe the male among 
more than a thousand females, and therefore doubted whether the sexes were dis- 
tinct, suggesting that the males, very weU described by Schlosser, were only the 
young, although that author described them as clasping the females in the well 
known manner, but he did not observe the actual copulation. 

See also an article by Thomas Rackett, in Trans. Linn. Soc. of London, vol. xi, 
p. 205, pi. 14, 1812 (figures very bad) ; Thompson, Zoological Researches, No. 5, p. 
105, 1. 1 and 2; W. Baird, Nat. Hist, of the British Entomostraca, p. 61, tab. ii, 

2-4 (figures very good, but the specimens probably not fttU-grown). 

f Polyartemia forcipata Fischer, is from the rivers of Siberia and also from Lap- 
land. It resembles Artemia , but has nineteen pairs of natatory appendages and 
also peculiar appendages to the male claspers, with the second Joint divided. 

X Voyage en difle rentes provinces de l'empire deRussie, t. ii, p. 505 (t. Joly). 

§ M. Payen, Note sur des animaux qui colorent en rouge les marais salans, Ann. 
des 8ci. nat., 2© ser., t. 6, 1836, p. 219 (contains experiments on the effects cau«d 
by altering composition and density of the water) ; also op. cit., t. 10, 1838, p. 815; 
Joly, op. cit., 1. 13, p. 225, 1840 (see above) ; Milne Edwards, Crustacds, t. iii, p. 8®, 
1840. 

|| Audouin, Ann. des Sci. nat., 2© ser., t. 6, 1836, p. 230. 

IT Thompson, Zool. Researches, fas. 7, pi. I, figs. 11-12. 

** Edwards, Crustacds, t. iii, p. 370, 1840. 
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associated with the larvae of Ephydra .* The water of this 
lake is very dense, and not only very saline, but also so alka- 
line that it is said to be used for removing grease from clothing. 
I have been unable, however, to find any reliable analysis of 
this water. It is said to contain, also, biborate of soda. Prof. 
Silliman informs me that the genus also occurs in Little Salt 
Lake. It occurs in great abundance in Great Salt Lake, 
Utah, as I am informed by Prof. D. C. Eaton, who obtained 
specimens there during the present summer, f The water of 
Great Salt Lake has usually been described by travellers as 
destitute of all life, but according to Prof. Eaton it contains 
not only an abundance of Artemioe, but also various other small 
animals, insect larvae, etc. The density of the water is stated at 
1.170°, but doubtless varies according to the season. J It 
yields, according to Dr. Gale, over 22 per cent of solid mat- 
ter,} while the Syracuse Saline, one of the richest natural 
brines in the United States, contains but 19.16 per cent.|| A 
few weeks ago Mr. Oscar Harger discovered another new spe- 
cies, A. gracilis V., near New Haven, under very peculiar cir- 
cumstances. On the long wooden bridge across West River 
and the extensive salt marsh on the West Haven side, are 
placed large wooden tubs filled with water from various pools 
on the marsh, to be used in case of fire. By long exposure to 
the sun and air the water in these becomes concentrated and 
thus famishes suitable stations for the rapid increase of Ar- 
temioe. On examining the tubs the first of August I found 
eight of them partly filled with water, in six of which the 

•VenUl, Proceedings Boston 8oc. Nat. Hist., vol. xi, p. 3, 1066 (the larvae were 
wrongly referred to ErittalU) ; Packard, on Insects inhabiting salt-water, Proo. 
Essex Inst, yoI. vi, p. 41, 1068. 

tThis species has since been examined and found to be a distinct species, A. 

1 The density of the water of the Atlantic Ocean is stated at 1.026; that of the 
Dead Sea 1.130 to 1527. 

I This solid matter, according to Dr. Gale (Amer. Journal Science, II, vol. xvii, 
P* W), has the following composition : 

Chlorid of sodium, 20.196 

Sulphate of soda, 1.834 

Chlorid of magnesium, 252 

Chlorid of calcium, . trace 

22.282 

I Tor analyses of several of these brines, see Dana’s System of Mineralogy, 
5th edition, 1868, p. 118. 

AA.A.S. VOL.XVm. 30 
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Artemice were found in abundance, though more numerous in 
one than in any of the others. In one tub, in which the 
water had a decidedly milky appearance, they were so abun- 
dant that hundreds could be obtained in a few minutes. The 
water in some of the other tubs containing them was of a red- 
dish or brownish hue, or about the color of weak tea. In two 
no Artemise could be seen, and in these the water appeared to 
have been more recently renewed. Search was made in the 
pools from which the water had been taken, but no Artemice 
were found, though doubtless from these places the progenitors 
of those inhabiting the tubs must have been taken. It is prob- 
able that in the pools they exist in very small numbers, being 
kept in check partly by various small fishes and other enemies, 
and partly by the unfavorable character of the water, while in 
the tubs the density of the water is more favorable for their 
rapid increase, and unfavorable or fatal to their enemies.* The 
water from the tubs, when examined with a high power of the 
microscope, was found to be filled with immense numbers of 
infhsoria of various kinds, such as monads, vibrios and bao- 
teria, most of which were so small as to be distinguishable 
only as moving points with a -J- inch objective. 

In the salterns of France the Artemice are associated with 
immense numbers of a monad, usually bright red in color, 
which has been named Monas Dunalii by Joly, who attributes 
to it the red color which the brine assumes just before crystal- 
lization, f as well as the red color observed in the Artemice^ 
which doubtless feed upon it, as well as upon various other 
living infasoria, and dead animal and vegetable matter of vari- 
ous kinds.{ The Monas Dunalii appears in abundance in the 
water having the density most favorable for Artemia, but in- 
creases in far greater proportion in the still denser, nearly or 
quite saturated brine in which Artemia does not live. The 
observations of Payen and Joly show that the A. salina of 

♦The density of the water in two of the tabs containing most Artemia , was 
1.065, equivalent to a brine containing 9.07 per oent of salt. One of those tested 
was brownish, the other milky. 

t Recherches sur la Coloration en rouge des Marais Salans Mediterraneans, par 
M. Joly, Annals des Sciences natureUes, 9® ser., t. xiil, 1840, p. 206. 

t According to M. Joly, op. cit., p. 262, a beetle, Hydroporue taUnue Joly, also 
inhabits the salterns, where the water has a density of 6* or 7* Baum6, and preys 
upon the Artemi <9. 
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France can exist in waters varying in density from 4° to 20° 
Baumi, bat that they flourish best in those that have a density 
of 10° to 15°.* According to Rackett those of Lymington do 
not live in the water which is undergoing the first stage of con- 
centration, but only in the pans of concentrated brine, contain- 
ing about “ a quarter of a pound of salt to the pint.” 

Our A. gracilis can exist without apparent inconvenience 
when the water in which they occur is diluted with an equal 
bulk of fresh water, as well as when it is much concentrated 
by evaporation. The water in which they were found varies in 
density from 1.060 to 1.065. 

AnneiiTA gracilis VerrilL 

American Journal of Science, xlviil, p. 248, September, 1869 ; re- 
printed in Ann. and Mag. of Nat. History, Vol. iv, p. 881, 1869. 

Body slender, in the male 
about .3 of an inch long ; in the 
female .4. Claspers of the male 
relatively long and powerful, first 
joint thickened, with a distinct 
angle at the articulation on the 
outside and a short, rounded, 
nearly semicircular process on 
the inside near the base, about 
its own diameter from the base ; 
second joint broad, flattened, 
continuous with the third joint, 
strongly curved, outline nearly 
regularly convex on the outside, 
until near the middle it sud- 
denly bends inward forming an 
obtuse angle, beyond which the 
outline is concave to the last 
articulation, where it becomes 
•gain convex, forming on the last joint a slight, rounded angle, 

to 20* Banm4 is equivalent to a density of about 1.02 to 1.16; 10* to 15* =1X75 
to 1017. A brine baring a density of 1.020, which is nearly that of sea* water, con 
taini about 2.766 per cent of salt; one of 1.160 contains 21219 per oent; one of 1.075 
tboot 10279 per oent; 1.117 about 15.794 per oent. 

t Figure i .—Artemia graciUt , female, enlarged; drawn from living specimen 
by J. H. Emerton. 
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the inner edge is nearly straight, or but slightly concave, to the 
last articulation, where there is a slight but distinct angle; 
last joint triangular, longer than broad, tapering to the acute, 
slightly excurved point*. Antennae slender, elongated, reaching 
beyond the first articulation of the claspers, terminal setae 
minute. Abdomen slender, smooth, the terminal lobes small, 
longer than broad, broadly rounded at the end, slightly con- 
stricted at the base inside, each bearing usually 7 or 9 plumose 
Fig. 2 .* setae, the central ones much the 

longest. Ovigerous pouch of the 
female, when seen from below, flask- 
shaped, the neck extending back- 
ward and downward, short, thick, 
subcylindrical toward the end, the 
body of the “flask” short, thick, 
swollen laterally, broader than long, 
the sides terminating outwardly in a 
small, triangular, sharp tooth, some- 
times showing a minute spine. This 
pouch is generally filled with numer- 
ous large, brownish eggs. 

Color generally reddish, flesh- 
color, or light greenish, translucent ; the males usually lighter, 
greenish white, the intestines generally showing through as a 
dark reddish or greenish median line ; eyes very dark brown, 
or black; ovaries often whitish, along each side of the ab- 
domen. 

An adult male gives the following measurements : — distance 
between eyes 1.81"“*; breadth of head .76; length of eye- 
stalks .62 ; length of first joint of the claspers .91 ; its breadth 
.72 ; breadth of its appendage .18 ; length of second and 
third joints from outer edge of first articulation to the tip 
2.48 ; greatest breadth .87 ; breadth at last articulation .72 ; 
length of last joint 1.05 ; length of last joint of abdomen, ex- 
clusive of appendages, 1.00 ; its breadth .31 ; length of prece- 

* Figure 2.— a, head of A. gracilis , male, viewed from below, showing part of 
the month organs, the eyes and the claspers; b, abdomen of the same, with male 
organs ; c, head of A. Monica, showing eyes , antennce and claspers ; rf, caudal ap- 
pendages of the same. AU these figures are from camera-lucida drawings by the 
author, and enlarged seven diameters. 
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ding joint .42 ; its breadth .87 ; length of terminal appendages 
.21 ; breadth .096 ; length of longest setae .70. 

New Haven, Conn. Charlestown, Mass., on railroad bridge 
across Charles Biver in tubs of concentrated sea-water.* 


Abtemia Moxica Verrill, op. cit., p. 249. 

Figure 2, c. d. 

Form similar to that of the preceding species, but a little 
larger and stouter. The largest female is 18 mm (.52 of an inch) 
long, the abdomen being 6“ m ; and 5““ across the branchial feet 
in their natural, partly extended, position. The largest male 
is lLb®® (.45 of an inch) long, the abdomen being 6““. The 
daspers of the male are relatively stouter, the hook or outer 
two joints being much broader, more triangular, and less elon- 
gated. The inner edge of the first joint, as seen from below, is 
regularly convex, bearing the appendage on its most convex 
part, and not so near the base as in A, gracilis, the distance be- 
ing about twice the breadth of the organ, which is about as 
broad as long and regularly rounded. At the articulation the 
outer edge of the joint projects as a distinct angle. The second 
and third joint together have a nearly triangular form, the 
breadth being about half the length ; the outer edge is regularly 
rounded, shorter than in the preceding ; it forms little more 
than a right angle with the front edge, which is nearly straight 
or a little concave, sometimes slightly convex at the last articu- 
lation, but not forming a distinct angle there ; the inner edge of 
file hook is a little concave on the first joint, becoming convex 
at the last articulation, where there is a distinct but very obtuse 
angle. The last joint is almost regularly triangular, about as 
broad as long, tapering to an obtuse point, the inner edge be- 
ing a little convex. The antennae are very slender and do not 
reach the first articulation of the claspers. The caudal append- 
ages are smaller than in A. gracilis , and scarcely longer than 
broad, rounded at the end, terminated by nine or ten very slen- 
der pulmose setae. The egg-pouch of the female is broad flask- 
shaped, strongly convex in the middle below, the sides not 
forming such sharp angles as in A. gradlis . 

* During the progress of the meeting Dr. G. H. Perkins discovered this species 
in great abundance in tubs of water taken from the Charles River and kept on the 
Eastern Railroad bridge. Professor Agassiz also stated that he had formerly ob- 
served this or a similar species in the salt vats at Cape Cod. 


Digitized by v^ooQle 



288 


B. NATURAL HISTORY. 


The English specimens of A. saLina , as figured by Baird, 
differ from both the preceding species in having longer, more 
curved, and sharper clasping hooks, and the basal appendage 
more elongated ; the egg-pouch, though badly figured, is of a 
very different form. The French specimens, as figured by Joly, 
appear like a distinct species, the egg-pouch being of a very 
different form, and the caudal appendages very much longer and 
larger than in either of our species, while Baird’s figure repre- 
sents them as very small ; but his specimens appear to have 
been smaller, and may have been immature, for these species 
begin to breed before they are half-grown. Whether the French 
species be distinct from the English can only be determined by 
additional examinations, especially of the male, for the male of 
the former appears not to have been figured hitherto. 

Abtexia FERTHJ8 Verrill. 

American Journal of Science, Vol. xlviii, p. 480, Nov., 1869. 

This species grows to a larger size than I have observed in 
either of the others, some of the specimens being foil .75 of an 

inch long. The claspers 
of the male (fig. 8, a) are 
stout, with the second joint 
broader and more triangu- 
lar than in either of the 
preceding species. The 
outer angle of the second 
joint of the claspers is very 
prominent, and the outline 
from thence to the tip is decidedly concave, in this respect 
resembling those of A . gracilis more than those of A. Monica . 
The caudal appendages (fig. 8, b ) appear to be shorter than in 
either of the others, but this character varies considerably 
with age in all the species of this genus.f Great Salt Lake, 
Utah, — Sereno Watson ; D. C. Eaton ; S. A. Briggs. 

•Figure 3.— a, head otAriemiaftrtUU V., male; 6, caudal appendages. Camera- 
lucida drawings by the author from alcoholic specimens, enlarged seven diameters. 

f For this reason several nominal European species, established mainly on dif- 
ferences in the caudal lobes and set», are probably only the young of others, or all 
perhaps of A. aalina, especially sinoe those with small caudal lobes and few or no 
sets, are described as small; as for example, A. MUhausenU, A. a rietina and A, 
Koppeniana (Fischer species).. 

Another species has recently been made known from New South Wales, A. 
proximo King, Entom. Soc., N. S. Wales, Vol. i, pi. xi. 
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This species occurs in vast numbers in the very dense waters 
of Great Salt Lake, together with the larvee of Ephydra . 

Bhanghifus Shaffer. 

Branchipus Shoeffer, Elements entomologies, FI. 29, figs. 6, 7, 1766, 
(type, B. pisciformis — B. stagnalis Linn. sp.). 

Branchipus (pars) Lamarck, Latrellle, Leach, Edwards. 

Chirocepkalus (pars ) Dana (non B6n6dict Prevost, 1808; Jurine, 
Thompson, Baird). 

Under the name, Branchipus^ at least five or six generic 
groups have been confounded by various authors. 

Branchipus should be restricted to the original species de- 
scribed by Shoeffer and the allied species, of which B. stagnates 
(Linn, sp.) is one, if not identical with B. pisciformisj as is 
generally supposed. 

As thus restricted the genus is characterized by the stout 
two-jointed claspers of the male, with or without a tooth near 
the base of the hook, the basal 
joint being swollen ; by having a 
pair of simple appendages resemb- 
ling antennae between the bases 
of the claspers in front (fig. 4, c) ; 
by the large, thick, oval egg- 
pouches of the female, .and, ap- 
parently, by the structure of the 
branchial organs. The typical spe- 
cies have, in addition to the pair 
of slender antenniform organs, a short bilobed organ (d) be- 
tween the bases of the claspers in front. 

The type of this genus is B. stagnates of Europe (fig. 4, 
head of male). It is doubtful whether any other described 
species can be properly referred to the genus. 

Stbeftocefhalus Baird. 

Monograph of the Family Branchlpodidae, etc., In Annals and Mag. 
Nat. History, vol 14, p. 219, 1864. 

Hcterobranchipus Verriil, American Jour. Science, xlviil, p. 260, 1869. 

Body and caudal appendages as in Branchipus ; natatory or- 

• Figure 4. — Branchipus stagnaHs Latrellle. head of male, enlarged; a, antennas ; 
6, eyes; c, antenniform organa; d, bilobed organ at base of claspers; e, claspers. 
From Latrellle after Shaffer's figure of B, pUctformit, 



Digitized by 


Google 



240 


B. NATURAL HISTORY. 


gans in eleven pairs. The claspers of the male are long, three- 
jointed, tortuous or twisted; the terminal joint subdivided 
more or less, into two or more branches, or bearing slender 
appendages. Near base of claspers are two antenniform 
organs. Front of head with a bilobed organ, between bases 
of claspers. Male organs long, slender, complex. Egg-pouch 
elongated or conical. 

This genus includes S. cafer (Loven sp.) Baird, from the 
marshes of South Africa ; S. similis Baird, from St. Domingo, 
West Indies; S. torvicomis (Waga sp.) Baird, from near 
Warsaw, in the latter the claspers are said to be as long as 
all the rest of the body ; S. rvbricaudatus (Klunzinger sp.) 
from Kosseir, near the Red Sea. * The last species has very 
long slender claspers in the male ; the first joint bearing a slen- 
der antenniform organ at its outer end ; the second with three 
slender teeth-like processes on the outer side ; the third is 
crooked, subdivided at the end into two long crooked branches, 
of which the inner is much the longest, sickle-shaped, and ser- 
rated on the inner edge. The external male organs are com- 
paratively small and simple. The egg-pouch is long, slender, 
and beaked at the end. This and S, torvicomis are closely 
allied and should be considered typical species of Strepto - 
cephalus , while S. cafer and S. similis might well be separated, 
as a subgenus, at least, under the name of Heterobranehipus. 

Chibocefhalus Provost, 1803. 

This genus, established for C. diaphanus , is evidently very 
distinct from both the preceding. The typical species is large, 
stout, and remarkable for the singular appendages between the 
claspers of the male, on the front of the head. These consist 
of two long, ligulate, fleshy processes, serrated on each side, 
which coil in a spiral beneath the head, but when extended, as 
in copulation, reaching beyond the claspers ; attached to the 
outer side of each of these are four long processes, strongly 
serrate on the inner edge, and near the base another large, 
broad, thin, subtriangular appendage, its edges strongly ser- 
rate, especially in front, capable of folding up like a fan when 
not in use. The claspers have a much swollen basal joint, a 

♦ Zeltschrift fUr Wissenach. Zoologie, xvii p. 83, Taf. iv. figs. 1-9, 1867. 
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strongly serrate tooth on the inside of the base of the second 
joint, which beyond this is slender and regularly curved. Egg- 
ponch long-oval, large and thick ; caudal appendages large ; 
male organs and branchiae peculiar. 

G. diaphanu8 Prev., inhabits fresh-water pools in France, 
Switzerland and England. It is well described and figured in 
Baird’s British Entomostraca, p. 39, tab. m and iv. 

Dr. Baird, in his monograph, refers to this genus the follow- 
ing species: — 

C. daviger (Fischer, sp.), from Siberia; O. birostratus 
(Fischer, sp.), near Charkow, Russia ; C. lacuna (Guerin, sp.), 
near Fontainebleau; <7. Middendorffianus (Fischer, sp.), from 
Siberia and Lapland. 

The last appears, however, to belong rather to our Branchi- 
aecto, and (7. lacuna ought, perhaps, to form the type of a dis- 
tinct genus, since it lacks the complicated appendages of C . 
diaphanus. This reference of C. birostratus is also scarcely 
satisfactory ; it may be nearer to our Eubranchipus. 


EuBBANdUFUB, gen. nov. 

Body robust, with eleven pair of natatory appendages. Male 
with large head and very stout claspers ; first joint of clasper 
much swollen, capable of retracting the basal portion of the 
second joint into their cavity ; second joint stout at base ; in 
the typical species with a large tooth on the inside, the outer 
portion tapering, rather obtuse. 

Front of head, between the bases of the claspers, bears two 
thin, flat, tapering appendages, serrated on the edges and 
transversely striated or jointed. Caudal appendages long 
lanceolate, with numerous plumose setae. Egg-pouch short 
and thick, swollen and broad-oval. 

Besides the following species this genus appears to include 
Branchipus spinosus Edw., from a salt lake near Odessa, but 
the latter appears to have no tooth at the base of the second 
joint of the claspers. 

EUB&ANCHIPUS VEBNALI8 Verrill. 

Branchipus vemdlis Verrill, op. cit., p. 251. 

Form rather stout, large ; the full grown females are 23 mm 

A. A. A. 8. VOL. XVHI. 81 
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(.90 of an inch) long, the abdomen being 14““; and 6.5“ 
wide across the branchial organs in their natural position; 

breadth of head across 
the eyes 4““. A large 
male is 22““ (.86 of an 
inch) long, the body 
12““; the breadth of 
head across eyes 5“ ; 
the entire length of 
claspers 8 mm . The 
claspers are very large 
and strong, the basal 
joint much swollen 
with a soft integument, 
capable of retracting 
the basal portion of 
the second joint into 
itself by involution of 
its outer edge ; the sec- 
ond joint is elongated, broad and stout at base, with an angle 
on the outside, from which it rapidly nar- 
rows by strongly concave outlines on each 
edge, but most so on the outside ; at the 
constricted portion, not far from the base, 
it bears a large, strong, very prominent, 
crooked, bluntly pointed tooth, which is 
directed inward and backward, not serrate 
on its outer side ; beyond the tooth the 
rest of the joint is long and rather slen- 
der, curved outward and forward at base, 
having just beyond the tooth on the inside 
a distinct but very obtuse rounded angle, 
from which the outline slightly curves in- 
ward to near the tip, which is a little dila- 
ted and recurved. The basal portion, in- 
cluding the tooth, is retracted into the first joint in some 

* Figure 5. — Head of Eubranchipus vcmalis , male; a, serrated organs between 
the bases of the claspers ; 6, second joint of claspers ; c, first joint, with the basal 
portion of the second joint somewhat retracted into its cavity. 

t Figure 6. — Caudal appendages of the same specimen. Both figures are from 
camera-lucida figures by the author, enlarged six diameters. 
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specimens. On the front of the head between the basal joints 
of the claspers are two flat, lanceolate, short, ligulate, fleshy 
processes, with finely serrate edges, usually coiled down, but 
when extended scarcely more than half as long as the basal 
joint of the claspers. Antennae small and very slender, taper- 
ing, reaching a little beyond the eyes. Caudal appendages 
long, rather narrow, slightly swollen at base, gradually taper- 
ing to the acute tips, and bearing along the sides, except 
at base, very numerous, long plumose setae. Egg-pouches 
short, broad-oval, nearly as wide as long, slightly three-lobed 
posteriorly, the central lobe largest, sides extended and 
largely adherent to the sides of the abdomen, length 4““ ; 
breadth 3.5. Body flesh-color or pale red, the intestine darker 
red or greenish. 

A large male gives the following measurements : length of 
first joint of claspers 4.62““ ; diameter 2.40 ; length of second 
joint 4.14 ; breadth at base 1.90 ; at tooth .72 ; in middle .52 ; 
length of tooth .90 ; its diameter .83 ; length of caudal ap- 
pendages 4 ; breadth at base .33 ; in middle .20 ; length of 
setae 2 ; length of antennae 3. 

New Haven, in stagnant pools, — J. D. Dana, D. C. Eaton, 
A E. Verrill; Salem, Mass., April 19, 1859, — R. H. Wheat- 
land, C. Cooke (from Essex Institute) ; Cambridge, Mass., — 
A E. Verrill. 

This differs widely from all the described species of Europe, 
in fbe character of the claspers of the male and their appen- 
dages. E. 8pino8a resembles our species somewhat in the 
frontal appendages between the claspers, but lacks the con- 
spSqpous tooth at the base of their second joint. The shape 
of tile egg-pouch in our species is also characteristic. 

This is doubtless the species referred to by Dr. Gould under 
the name of Branchipus stagnalis .* 'Dekayf copied the diag- 
nosis of B. stagnate ( ?) from a foreign work, and gave a fig- 
ure of Chirocephalus diaphanus , copied apparently from Des- 
marets, pi. 56, which is itself a copy. 

This species appears very early in spring, often in great num- 
bers, in quiet pools. I have never seen it later than the middle 

* Invertebrate of Massachusetts, p. 838. 

(Natural History of New York, Zoology, Part I, Crustacea, p. 68, pi. ix, flg. 86. 
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of May, yet since the individuals seen in early spring are fhll- 
grown, it might, doubtless, be found also in autumn. 


Branchdogcta. Verrill, op. cit., p. 260. 

Form rather slender, with the median appendages longest, 
so as to somewhat resemble Artemia in outline, but larger. 
Male with rather slender, pointed, rounded, two-jointed clas- 
pers ; the basal joint somewhat enlarged, with an oblique row 
of small teeth on the inner side; the second joint curved, 
tapering, the inner edge usually finely serrulate. Front of head 
and base of, claspers without other appendages of any kind. 
Caudal appendages slender, or narrow lanceolate, fringed with 
plumose setse. Egg-pouch much elongated, and in some, if 
not all species, with lateral lobes at base. 

Braxchinecta arctica Verrill. 

Branchipus ( Branchinecta ) arcticus Verrill, op. cit., p. 263, 1869. 

Branchipus paludosus Packard, Invertebrate Fauna of Labr&bor, in 
Mem. Boston Soc. Natural History, i, p. 295 (non MUller). 

Fig. 7.* Form slender ; body short ; abdo- 

men elongated. A full sized male is 
20““ (.80 of an inch) long, exclu- 
sive of the claspers, the abdomen 
being 13““ ; the breadth between the 
eyes 3““. A female 20®“ long, with 
the abdomen 12 mm , has an egg-pouch 
6.2 long. Branchial “feet” slender, 
elongated, the middle ones longest, 4 
to 5“® long when extended. Clas- 
pers of the male (fig. la) rather long 
and slender ; the basal joint is but 
little swollen, elongated, regularly 
curved, with a small tooth or prom- 
inent angle at the articulation on, the 
inside, and on the inner side a row 
of numerous small, distinct, sharp 
teeth, extending from the articulation about half way to the 
base, and arranged somewhat obliquely; second joint slender, 

♦Figure 7. —a, head of B. arctica , male, showing the jaws, eyes and claspers ; 6, 
same of B. Grceniandica , except that the jaws are omitted. 
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regularly curved, tapering to a blunt point, the inner edge 
minutely serrulate. Front simply curved with no appendages. 
Antennae slender, scarcely more than half the length of the 
basal joint of the claspers. Labrum long and nar- 
row, mandibles stout, strongly curved, bluntly 
pointed. Caudal appendages (fig. 8) slender lan- 
ceolate, rather small, with long slender setae. 
Egg-pouch (fig. 9) much elongated, slender, sub- 
cylindrical, beaked or slightly bilobed at the end, 
the upper or dorsal lobe longest; basal portion 
with two small rounded lateral lobes. 

A large male gives the following measurements : 
breadth between outer extremity of eyes 8.46 mm ; 
diameter of eyes .66 ; length of basal joint of claspers 1.66 ; 
breadth .71 ; length of second joint 
1.29 ; breadth at its base .46 ; width of 
mandibles at middle .66 ; length of cau- 
dal ^appendages .96 ; breadth at base 
.16 ; length of longest setae .84 to l mm . 

Color of preserved specimens pale 
reddish, with dark green intestine. Lab- 
rador, at “Indian Tickle ” on the north 
shore of lnvuctoke Inlet, abundant in a 
pool of fresh-water. — Dr. A. S. Packard. 

Dr. W. Baird in Ann. and Mag. Nat. 

Hist., vol. 14, 1854, p.,228, mentions 
'imperfect specimens of a species brought 
from Cape Krusenstern by Sir John Richardson, which were 
probably of the present species. It was found with Apus 
glacial is. 

Branchinecta Grcenlandica Verrill. 

' Branchipui (. Branchinecta ) Groenlandicus Verrill, op. cit., p. 258. 

A little stouter than the last ; the largest male is 17 mm long 
exclusive of claspers, the abdomen being 10 mm , including cau- 
dal appendages. Claspers similar to those of B. arctica but 

•Figure 8. — Caudal appendages of B. arctica, male. 

t Figure 9. — Egg-pouch of C. arctica, containing eggs. All these figures are 
from camera-lucida drawings by the author, enlarged seven diataeters. 


Fig. 9.f 




Digitized by v^.ooQle 


A 




246 


B. NATURAL HISTORT. 


more elongated, the basal joint less curved, and the second 
joint longer, less regularly curved, tapering more 
quickly at base and consequently more attenuated 
beyond the middle and with more slender tips, 
which are nearly straight. The tooth on the 
inside of the first joint is rather more promi- 
nent, but the row of teeth along the inside is 
similar. Caudal appendages stouter, tapering 
more rapidly. External male organs slender, 
curved outward, swollen at base. The largest 
female is not mature and the egg-pouch contains 
no eggs \ it is small, slender, elongated, subcylindrical, beaked 
at the end. 

The largest male gives the following measurement : breadth 
between eyes 3.20 mm ; length of basal joint of claspers 2.81 ; 
breadth .95 ; length of second joint 2.24 ; its breadth at base 
.76 ; length of caudal appendages .86 ; width at base .24 ; 
Length of setae .76. 

Greenland. — Dr. Chr. Liitken (from the University Zoologi- 
cal Museum, Copenhagen). 

Of this species I have seen but four specimens, which were 
sent to Dr. A. S. Packard by Dr. Liitken, under the name of 
B. paludosus Muller. The latter appears to be quite distinct, 
judging from the figures ; it is represented as having very 
slender, linear, caudal appendages. In the form of the egg- 
pouch, and the serration of the first joint of the claspers it is 
similar. 

This species is very closely allied to B. arctica, And when a 
larger series of specimens can be examined it may prove to be 
only a local variety, but the specimens studied show differences 
that seems to warrant their separation. 

Branchinecta paludosa (Branehipus paludosus Mull.) is also 
a northern species of this genus, allied to the two preceding, 
but differing from both, according to the figures and descrip- 
tions, as mentioned under the last. B . ferox {Branehipus ferox 
Edw., Cruet., iii, p. 369) is from fresh-water near Odessa. 
The description is so brief and imperfect that its generic affini- 

* Figure 10.— Caudal appendages of Branchinecta Granlandica V., male, en- 
larged seven diameters. 


Fig. 10.* 
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ties cannot be made out with perfect certainty, but it agrees 
better with this genus than with any other. B. Middendorff- 
ana (Fischer sp.) from Siberia and Lapland, may also be- 
long here. 


2. On the Trend op the Rocky Mountain Range North 

OF LaT. 60° AND ITS INFLUENCE ON FAUNAL DISTRIBU- 
TION. By W. H. Dall of Washington, D. C. 

About latitude 60° north, this great range nearly approaches 
the coast range, and about latitude 64° bends, in a confused 
mass of mountains, trending with the coast to the south and 
westward, and gradually coalescing and becoming merged with 
the Alaskan Range, which forms the backbone of the penin- 
sula of Aliaska. * 

To the north of this there are no considerable elevations 
worthy of the name of mountains, except a few peaks of the 
Bomanzoff Mountains. All the ranges of hills and mountains 
have the same general trend. 

Bering Strait is only thirty fathoms deep, and although 
there is a deep ocean valley culminating in the mouth of Plover 
Bay to the westward of the strait, yet an elevation of one 
hundred and eighty feet would unite Asia and America with a 
dry plateau offering no obstacles to the migrations of animals 
and plants. 

. The old maps all represent the Rocky Mountains as extend- 
ing to the shores of the Arctic Ocean, but this is incorrect. 

The effect of this bend of that chain is to have a high broken 
plateau to the northward, by which the eastern birds, &c., pass 
to the shores of Bering Sea, while the characteristic west 
coast fauna is almost entirely excluded, though we have birds 
hitherto known from Europe, Siberia and Polynesia, breeding 
at the Yukon mouth with Ampelis garrvlus , Colaptes auratus 
and other eastern birds, while the eastern pike ( Esox estor) 
reaches to tide water in the Yukon. In fact the whole fauna 
has strongly marked Canadian characteristics, which are lost 
when we pass south of the Alaskan Range. 
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III. BOTANY. 

1. The Rocky Mountain Alpine Region. By C. C. Parry, 
of Washington, D. C. 

The wooded belt of coniferous trees that, with irregular local 
interruptions, clothes the Rocky Mountain slopes, commences 
by a somewhat scattering growth near their base, at an average 
elevation of six thousand feet above the sea. This belt ac- 
quires its densest growth, and exhibits the greatest number of 
distinct species, between seven thousand and. nine thousand 
feet elevation, and terminates by an abrupt well marked line 
at an average height of eleven thousand three hundred feet. 

These plainly recognized features are readily explained by 
reference to the corresponding climatic conditions here exhibi- 
ted. Thus the growth is most dense and varied where the ex- 
posures present a suitable condensing surface, and where there 
is the greatest and most regular amount of aqueous precipita- 
tion, caused by a mingling of the cool descending currents of 
air from the higher elevations meeting the warm ascending 
currents charged with moisture from the heated plains below ; 
at this irregular point of junction summer rains and dews* are 
frequent, and the conditions for arborescent growth are most 
favorable. At still higher elevations the actual limit of tree 
growth is determined by conditions of temperature, which sat- 
isfactorily explain the peculiar features of vegetation here met 
with. 

Most noticable of these is the singular abruptness, by which 
this limit of upright tree growth is here marked. You are 
struggling through a tangled maze of fallen timber and dense 
underbrush, overshadowed by tall trees, with spreading roots 
bedded in a saturated spongy soil, when suddenly, without any 
sensible dwarfing of intermediate forms, you come upon open 
spaces, where stunted trees fantastically gnarled and twisted, 
with depressed flattened summits, offer little obstruction to the 
open view above. Through these obstructions, stepping on 
the very tops of matted trees which a few rods below rear 
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their pointed spires to a height of thirty to forty feet, you 
come upon the bare alpine slopes, which continue with vari- 
ously interrupted rocky exposures to the dividing ridge two 
thousand to twenty-five hundred feet higher. 

In the absence of any continuous meteorological observa- 
tions at or above the timber line, the most satisfactory expla- 
nation of the peculiar features here presented is this : The 
so-called timber line marks the extreme point of minimum 
winter temperature below which no exposed phenogamous 
vegetation can exist. All that survives above this point does 
so by submitting to a winter burial of snow, beneath which 
protecting cover it is enabled to maintain its torpid existence. 
The early autumnal fail of snow commences in the latter part 
of September and receives constant additions through the fall 
and winter months, during which it retains its light feathery 
texture, and is not sensibly wasted by melting till the clear 
lengthening days of early summer dissolve them rapidly, giv- 
ingorigin to the dashing streams that pour down the tapper 
valleys. 

It is the pressure of this accumulating weight of snow that 
gives the fantastic shape to the tree vegetation, that struggles 
for existence above the well marked timber line, and we can 
readily note instances, here and there, where from some pecu- 
liar condition of wind, or a limited amount of winter-snow in 
particular seasons, points and patches of dwarfed tree growth 
being left unprotected, have been blasted and destroyed. 
Otherwise we can observe still more frequently where ambi- 
tious upper branches projecting into the sunlight of this Arctic 
winter, have been nipped and killed. In these unmistakable 
signs of the struggle for vegetable existence are also exhibited 
some of the most peculiar and marked features of the Alpine 
scenery. This dwarfed tree growth, persisting above the tim- 
ber line, is as we might naturally suppose confined to sheltered 
valleys, or on the lea-side of abrupt rocks, where the drifted 
snow lies heaviest. The point of greatest snow accumulation 
is mainly determined by the shelter afforded along the upper 
line of the timber growth, at which locations the snow drifting 
from the bare spaces above is lodged, hence early in the thaw- 
ing season, these locations offer the principle obstructions to 
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travel, presenting treacherous fields of snow, often overarching 
rushing torrents ; here also the vegetation is longest delayed, 
and is comparatively meagre. It is on the more open expo- 
sures above that the alpine flora offers its greatest variety, and 
most attractive features, and through a brief flowering period, 
extending from June to September, presents a succession of 
forms and colors, attractive to the eye of a naturalist, and such 
as is nowhere else so comprehensively exhibited. As these 
alpine plants owe their existence to the protection afforded by 
winter snow, they naturally include a number of species that 
also flourish at lower elevations. Thus in the accompanying 
list of alpine plants, out of one hundred and forty-two species, 
I note fifty-six as exclusively confined to the alpine exposures. 
The usual characters of alpine plants here, as elsewhere ex- 
hibited, consist in a dwarfed habit of growth, late period of 
flowering and early seeding, the forms being almost exclusively 
perennial. * 

Of Phenogamous plants persisting to the highest elevations, 
reaching to fourteen thousand feet and upwards, we may enu- 
merate the following : Thlaspi cocMeariforme , Claytonia meg- 
arrhiza , Trifolium nanum , Oxytropis arctica , Saxifraga serpyUi- 
folia , Androsace chamoejasme , Chionophila Jamesii , Eritrichium 
aretioides , Polemonium confertum , Oentiana frigida , Salix reti- 
culata, lAoydia serotina , Luzula spicata , Carex incurva , Poa 
arctica . 

Of the thirty-four natural orders represented in the alpine 
flora, thirty-one belong to Phenogamous plants, the remaining 
three include the higher orders of Cryptogams , of the latter, 
Ferns are represented by a single species, not exclusively al- 
pine ( Cryptogramme acrostichoides H. Br.). Mosses are more 
numerously represented, but are still comparatively rare, while 
Lichens are most abundant and afford the greatest number of 
species. 

Of the Phenogamous orders twenty-seven belong to Dicoty- 
ledons, four to Monocotyledons . Of these the natural order, 
Composites, comprises the largest number of species, viz.: 
twenty-four included in thirteen genera; Banunculacece has 
five genera, seven species ; Cruciferce , five genera, six species ; 
CaryophyUacece , five genera, six species; Leguminosece , two 
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genera, four species ; Rosacece, four genera, five species ; Saxi- 
fragacece , two genera, nine species ; Primulacece , two genera, 
four species ; Scrofulariacece, six genera, ten species ; Gentian - 
ace®, two genera, six species ; Salicaeece , one genus, four 
species ; Conifer ece, three genera, five species ; Juncacece y two 
genera, seven species; Cyperacece , one genus, four species; 
Gramineoe , five genera, nine species. Of large families en- 
tirely unrepresented, we may note Solanacece , Labiatece . 

The superficial extent of these bare alpine exposures can 
only be approximately estimated in the absence of any exact 
topographical measurements. Taking the main mountain mass 
extending through Colorado Territory, or between 37°, and 
41°, north latitude, including the high offsets and detached 
peaks, rising above eleven thousand feet, it would be safe to 
allow an average width of five miles, for the entire distance, in 
a straight line, representing in round numbers an area of from 
twelve hundred to fifteen hundred square miles. Throughout 
this extent there is great uniformity in the vegetation pre- 
sented, though agreeably varied by the different exposures or 
conditions of soil and moisture. Wherever the peculiar tex- 
ture of the underlying rock has favored disintegration, and the 
accumulation of soil, a rich alpine sward is presented, made up 
of densely matted grasses, carices, and plants adapted to pas- 
turage. Here the mountain sheep, the elk, and the Rocky 
Mountain goat, graze during the summer months, and the 
mountain ptermigan, and dusky grouse feed and rear their 
young. When once made accessible it will, no doubt, afford a 
favorite resort for summer pasturage, and may eventually yield 
choice dairy products equalling those of the Swiss Alps, or 
produce delicate fibrous tissues, rivalling those of the looms of 
Cashmere. 

As a sanitary retreat during the summer months it is unex- 
celled in the purity and coolness of its atmosphere, the clear- 
ness of its flowing streams, and its picturesque extended views. 
There are no elevated points that cannot be safely ascended, 
and dangers from snow avalanches, or land slips, are so rare 
as not to be taken into consideration. Of the high culmi- 
nating points met with in the district under review, including 
Long’s peak on the north, and the Sierra Blanca on the south, 
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there is a remarkable uniformity in the average elevation ; all 
as far as accurately measured rising above fourteen thousand 
feet. Gray’s peak in the dividing ridge, which is now a point 
of common summer resort, so far carries the palm in an eleva- 
tion of fourteen thousand two hundred and fifty-one feet. Its 
associate peak (which it is most earnestly hoped may bear the 
appropriate name first proposed, of Torreifs peak, in commem- 
oration of the early botanical labors of our veteran American 
botanist) is thought to be somewhat higher, an interesting 
point which will no doubt be determined by Professor Whitney 
in his present summer’s exploration of that region. 

In the accompanying list of alpine plants, published some 
years since in the Transactions of the St. Louis Academy of 
Science, I confine the term “ alpine” to such plants as are met 
with on the bald exposures above the timber line ; by a (*) 
prefixed I would indicate those species which are exclusively 
confined to such localities, while others not thus marked, are 
also met with at lower elevations. 

The subjoined localities, whenever given, denote that the spe- 
cies referred to, is not peculiar to the Rocky Mountains, but is 
also met with in the different regions there named. Eu. indi- 
cating Europe, and As. Asia. 

The concluding summary embodies the general results of my 
observations in the Rocky Mountain alpine district. 

Rocky Mountain Alpine Plants. 

Ranunculacece. — Anemone narcissiflora, L. Eu. As.; A. 
Nuttalliana, D.C. ; Ranunculus Eschscholtzii, Schlecht, Green- 
land ; *R. adoneus, Gray; Trollius laxus, Salisb. Eu.; Caltha 
leptosepala, D.C. ; Aquilegia brevistyla, Hook. 

Crucifercz. — Cardamine cordifolia, Gray; Erysimum pumi- 
lum, Nutt; *Draba crassifolia, Graham; D. alpina, L. Eu.; 
•Smelowskia calycina, C. A. Meyer, As.; Thlaspi cochleari- 
forme, D.C. As. 

Papaveracce. — * Papaver alpinum, L. Eu. As. 

Violacece. — Viola biflora, L. Eu. As. 

Caryophyllacece. — Lychnis apetala, L. Eu. As.; *Silene 
acaulis, L. Eu. As.; * Paronychia pulvinata, Gray; *Arena- 
ria arctica, Stev. ; A. Fendleri, Gray ; Cerastium vulgatum, 
var. Behringianum, Gray. 
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Portulacacece. — * Claytonia megarrhiza, Parry; C. Virgin- 
ia, L. var. ; *Talinum pygmaeum, Gray. 

Leguminosece . — Trifolium dasyphyllum, Torr. & Gr. ; *T. 
nanum, Torr. ; * T. Parryi, Gray ; * Oxytropis arctica, R. Br. 

Rosacea. — Sibbaldia procumbens, L. Eu . As.; *Dryas oc- 
topetala, L. Eu. As. ; * Geum Rossii, Ser. As. ; Potentilla fas- 
tigiata, Nutt. ; * P. nivea, L. As. 

Onagracece. — Epilobium alpinum, L. Eu. 

Qrosularmceoe. — Ribes lacustre, Poir. yar. (R. setosum, 
Dougl.). 

Crasulacece. — Sedum rhodanthum, Gray; S. Rhodiola, L. 
Eu. As. 

Saxifragacece. — Saxifraga nivalis, L. Eu.; *S. cernua, L. 
Eu. As; S. controversa, Sternb. Eu.; *&. debilis, Engel.; 
f S. serpyllifolia, Ph. ; *S. flagellaris, Willd. As. ; S. punc- 
tata, L. Eu. As.; Parnassia fimbriata, Banks; P. parviflora, 
D.C. 

Umbdliferce. — * Cymopterus alpinus, Gray; Archangelica 
Gmelini, DC. As. 

Araliacece. — Adoxa moschatellina, L. Eu. As. 

Composites. — * Erigeron uniflorum, L. Eu. As.; E. grandi- 
florum, Hook ; Aster glacialis, Nutt. ; A. salsuginosus, Rich- 
ards. As.; Solidago virgaurea, L. Eu. As.; *Aplopappus 
pygmseus, Gray ; *A. Lyallii, Gray; *Actinella grandiflora, 
Torr. & Gr. ; A. acaulis, Nutt. var. ; Chfenactis achilleaefolia, 
Hook & Am.; Artemesia arctica, Less. As.; *A. scopulo- 
rum, Gray ; Antennaria alpina, Gaertn. Eu. ; Senecio amplec- 
tens, Gray; S. triangularis, Hook; *S. Soldanella, Gray; S. 
Fremontii, Torr. & Gr. ; S. integerrimus, Nutt. ; Arnica an- 
gustifolia, Yohl. As.; A. mollis, Hook ; A. latifolia, Bongard ; 
*Cir8ium eriocephalum, Gray ; Troximon glaucum, var. dasy- 
cephalum, Torr. & Gr. ; Macrorhynchus troximoides, Torr. 
& Gr. 

Campanuldtece. — * Campanula uniflora, L. Eu. As.; C. ro- 
tnndifolia, L. Eu. As. 

Ericaceae. — Vaccinium myrtillus, L. var. As.; V. csespito- 
8um, Michx. As. 

Plantaginacece. — Plantago eriopoda, Torr. 

Primulacea. — * Androsace chamaejasme, L. Eu. As.; A. sep- 
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tentrionalis, L. Eu.; * Primula augustifolia, Torr; P. Parryi, 
Gray. 

Scrophulariacece. — Pentstemon glaucus, Graham ; * P. Har- 
bourii, Gray ; * Chionophila Jamesii, Benth. ; Mimulus luteus, 
L. yar. alpinus ; * Synthyris alpina, Gray ; * Castilleia brevi- 
flora, Gray ; C. pallida, Kunth. yar. ; * Pedicularis Parryi, 
Gray; *P. Sudetica, Willd. Eu. As.; P. Groendlandica, Retz. 

Boraginacece. — * Eritrichium aretioides, D.C. As.; Merten- 
sia alpina, Don. ; M. Sibirica, Don. As. 

Hydrophyllaeeaz. — Phacelia sericea, Jacq. 

Polemoniacece. — Polemonium pulchellum, Bunge. As.; *P. 
confertum, Gray ; * Phlox Hoodii, Richardson ; Gilia congesta, 
Hook. 

Gentianaceaz. — Gentiana acuta, Michx. ; *G. barbellata, 
Engel ; G. prostrata, Hsenk. Eu. As. ; * G. frigida, Hsenk. ; 
Eu. As.; G. Parryi, Engel. ; Swertia perennis, L. Eu. As. 

Polygonacece. — Polygonum bistorta, L. Eu. As.; P. vivipa- 
rum, L. Eu. As.; Oxyria digyna, R. Br. Eu. As.; Eriogo- 
num flavum, Nutt. 

SaMcaceaz. — * Salix reticulata, L. Eu. As.; *&. glauca, L. 
Eu. As.; S. arctica, R. Br. Eu. As.; S. discolor, Willd. Eu. 
As. 

Coniferce. — Abies Engelmanni, Parry; A. grandis, Lindl. ; 
Pinus aristata, Engl. ; P. flexilis, James ; Juniperus commu- 
nis, L. Eu. As. 

Liliacece. — Zygadenus glaucus, Nutt. As.; * Lloydia sero- 
tina, Reich. Eu. As. 

Juncacece — *Luzula spicata, D.C. Eu. As.; L. parviflora, 
DC. Eu. As.; Juncus Drumondii, Meyer; *Juncus Hallii, 
Engel.; *J. Parryi, Engel; * Juncus triglumis, L. Eu. As.; 
* J. castaneus, Sm. Eu. As. 

Cyperaceaz. — Carex atrata, L. Eu. As.; C. rigida, Good.; 
♦C. incurva, Lightf. Eu.; *C. filifolia, Nutt. 

Graminece. — Phleum alpinum, L. Eu. As.; *Poa Andina, 
Nutt. ; P. alpina, L. Eu. As.; *P. arctica, R. Br. ; P.nemoralis, 
L. Eu. As.; Aira cmspitosa, L., var. arctica, Thurb. Eu.; 
Festuca rubra, L. Eu. As.; F. ovina, L. Eu. As.; Triticum 
strigosum, Less. As. 

FUices. — Cryptogramme acrostichoides, R. Br. 
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S U UMART. 

1. The persistent bodies of snow which, in variable amount 
at different seasons, are ordinarily met with on the higher ele- 
vations of the Rocky Mountains, do not indicate a region above 
the true snow line, but result from the accumulation of drifted 
snow, filling up recesses and sheltered depressions to such an 
extent that the summer sun is not sufficient to melt the deeper 
portions, which thus remain from year to year, varying in 
amount according to the quantity of fallen snow, or the char- 
acter of the succeeding summer season as to its snow-melting 
power. 

2. Hence, we have no constant accumulation of snow form- 
ing what is known in the European Alps as Neve, the pressure 
of which from the higher elevations gives origin to glaciers. 

3. In the absence of glaciers and heavy snow accumulations 
on mountain slopes, we do not encounter the usual glacier 
phenomena so often referred to in the European Alps, and 
only meet occasionally with avalanches due to accidental local 
causes. 

4. The winter snows being of the light character pertaining 
to the higher regions of the atmosphere, and not subject to 
condensation by alternate thawing and freezing during the 
season of their occurrence, are thus peculiarly liable to the 
transporting movements of the prevailing winds. Hence re- 
sults an accumulation of snow in the upper valleys, by which 
these frozen treasures of winter are safely stored away, to be 
dispensed in fertilizing streams to the lower valleys during the 
dry warm season, when most required for agricultural or min- 
ing purposes. 

5. The peculiar alpine vegetation, attaining to elevations of 
fourteen thousand feet above the sea level, is enabled to main- 
tain its existence by the protection afforded by the ordinary 
winter snows, and, in the more sheltered and deeply covered 
valleys, includes plants which flourish also at much lower ele- 
vations. 

6. The true timber line, everywhere exhibited as a well 
masked horizontal plane, varying in elevation, according to 
the degree of latitude or character of exposure, from ten 
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thousand seven hundred feet to twelve thousand feet above the 
sea, indicates a limit beyond which the minimum winter temp- 
erature is destructive of all exposed phsenogamous vegetation, 
and whatever in the form of tree growth persists above this 
point, can only do so by being deeply buried in the accumula- 
tion of winter snow, which weighing down their branches, 
gives that distorted growth pecular to such localities. 

7. In the accompanying list, comprising one hundred and 
forty-two species of alpine plants, fifty-six are noted as exclu- 
sively alpine, or confined to the bald alpine exposures ; eighty- 
four species, as far as at present known, are peculiar to the 
Rocky Mountain range, or to Northern America, while the re- 
maining fifty-eight species are common to the European or 
Asiatic Alps, or to high northern latitudes of both continents. 


2. On the Sexes of the Plants. By Thomas Meehan of 
Germantown, Penn. 

In my paper on “ Adnation in Conifer®,” read before you 
last year, I believe I established the fact that the stronger and 
more vigorous the axial or stem growth, the greater was the 
cohesion of the leaves with the stem. By following the same 
line of observation, I have discoyered some facts which seem 
to me to afford strong probability that similar laws of vigor or 
vitality, govern the production of sexes in plants. 

If we examine Norway spruces when they are in blossom in 
the spring, we find the male flowers are only borne on the 
weakest shoots. The female flowers, which ultimately become 
cones, appear only on the most vigorous branches. As the 
trees grow, these strong shoots become weaker by the growth 
of others above shading them, or by the diversion of food to 
other channels, and gradually as these shoots become weaker, 
we find them regularly losing the power of producing female 
flowers. The law in this instance seems very clear, that with a 
weakened vitality cornea an increased power to bear male flowers , 
and that only under the highest conditions of vegetative vigor 
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are female flowers produced . The arbor-vitae, the juniper, the 
pine, in fact all the different genera of conifer® that I have 
been able to examine, exhibit the same phenomena, but the 
larch will afford a particularly interesting illustration. When 
the shoots of the larch have a vigorous elongating power, the 
leaves cohere with the stem, only foliaceous awns give the 
appearance of leaves. But when they lack vigor — lose the 
power of axial elongation — true leaves, without awns, appear 
in verticils, at the base of what with more vigor, might have 
been a shoot. Every one is familiar with these clusters of 
true leaves on the larch. In the matter of sex an examina- 
tion of the tree will show the following grades of vigor. 
First a very vigorous growth on towards maturity, or the age 
necessary to commence the reproductive processes. The re- 
productive age is less vigorous. Taking a branch about to 
bear flowers we find somewhat vigorous side branches, with 
the usual foliaceous awns. The next year we find some of 
the buds along these side branches again branch, but the evi- 
dently weaker buds, make only spurs with leaf verticils. As 
these processes go on year after year, the verticils become 
shaded by the new growths, and get weaker in consequence, 
and thus in the third year some of the strongest of these verti- 
cils commence to bear female flowers, or a few of the weaker 
male ones. But only in the fourth or fifth year, when vitality 
in the spur is nearly exhausted do male flowers abundantly ap- 
pear. The production of male flowers is the expiring effort of 
life in these larch spurs. They bear male flowers and die. 

What is true of Conifer® seems also to exist in all Monoe- 
cious plants. In the Amentacece the male flowers appear with 
the first expansion of the leaf buds in spring, as if they 
were partly formed during the last flickerings of vegetative 
force the fall before — but a vigorous growth is necessary before 
the female flowers appear. In Corylus , Carpinus , Quercus , 
Juglans , Alnus, and I believe all the common forms of this 
tribe, we find the female flowers only on the strongest young 
growths, and only at or near the apex of the first great wave 
of spring growth, as if it were the culmination of a great veg- 
etative effort which produced them instead of the decline as in 
the male. Some of these plants have several distinct waves of 
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growth a year, each successively decreasing in vigor. In such 
cases the female flowers appear at the apex of the first and 
strongest wave, and not on the apex of the shoot. This beau- 
tiful illustration of the connection of vigor and the sexes can 
be seen particularly in some oaks, and in Pinus pungens , P. 
mitis, P. rigida and P. inops. In the larch and white spruce 
a second wave will often cause a spur to elongate, late in the 
growing season, and even cause a shoot to push from the apex 
of the young cone. It is essential to note these varying waves 
of vigor, in one season’s growth, and that the apex is not 
always the strongest point. In Cyperaeece , particularly, these 
waves vary, and thus we find sometimes the male, sometimes 
the female flowers at the apex of the culm, but always the fe- 
male in the line of greatest vigor. I do not know of any case 
where the sexes are separate on the same plant, that extra 
vigor does not accompany the female, and an evidently weak- 
ened vitality the male parts. 

Mere vigor, however, though it often indicates healthy vital- 
ity, does not always, or alone do so. Pinus Mugho seldom 
attains ten feet high, and its shoots are not near as vigorous as 
its near relative Pinus sylvestris , yet it commences its bearing 
age by a free and vigorous production of female flowers. But 
power of endurance is a test of strong vitality, and an alpine 
form should possess this in a high degree. In its relation to 
sex this form of vitality — endurance — will also have an in- 
terest. The vitality of a tree is always more or less injured 
by transplanting. Sometimes it is so injured that leaves never 
push again, and it always pushes out later than if it had not 
been moved, and just in proportion to the injury to vitality is 
the lateness of pushing. Clearly, then, comparative earliness 
of leafing, is a test of vigorous vitality. Now some Norway 
spruces push forth earlier than others. There is as much as 
two weeks difference between them, and it is remarkable that 
those which push out the earliest — may we not say those 
which have been most favored by the vital force — are the most 
productive of female blossoms. Arboriculturists may make 
good use of this fact. Norway spruces which have a drooping 
habit, are the heaviest cone bearing forms. No way has hith- 
erto been discovered to detect them until they get to a bearing 
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age. Now it will be seen that the earliest leafers will be the 
chief cone bearers or weeping trees. 

It is not so easy to see the influence of vigor or other forms 
of high vitality, as affecting the sexes in hermaphrodite as in 
Monoecious plants, yet here also are some remarkable facts of 
a similar character. In some flowers the forces which govern 
the male and female portions respectively, seem nearly equally 
balanced. Then we have a perfect hermaphrodite — one with 
the stamens and pistils perfect, each part communicating its 
influence to the other — a self-fertilizing flower. In many spe- 
cies, however, we notice a tendency to break up this balance. 
It becomes pistillate or staminate, by the greater development 
of one force or the other. If the force is in the female direc- 
tion, it begins by requiring the pollen from some other flower 
to fertilize itself — if in the male direction, the number of sta- 
mens or petals is increased, or the one metamorphosed into the 
other. The interest for us in this sexual question is to note 
that just in proportion as the sexes diverge in this manner, in 
jnst the same proportion does vigor or some other form of 
strong vitality accompany the female in the one case, and 
weakness the male in the other. For instance in the male 
direction, when the stamens have been turned into petals, or 
the number of petals increased, growth is never so strong, and 
life is more endangered. Double camellias, roses, peaches, 
and other things, have to be grafted on single ones in order to 
get them to be more vigorous growing plants, and every florist 
knows how difficult it is to get roots from a double flowered 
cutting than a single one. Sometimes the male principle, 
which loves to exhibit itself in the gay coloring of the petals, 
seems to influence the leaves, and they become colored or vari- 
egated, and then also a weakened vitality follows. Variegated 
box, variegated Euonymus — no variegated plant will grow 
as freely, endure summer’s heat or winter’s cold so well, as 
its regular green leaved form. On the other hand, when the 
balance goes over in the female direction, we see it character- 
ized by greater vigor than before. It has long been noted that 
pistillate varieties of strawberries are more prolific than the 
hermaphrodites, though this is modified according to the dispo- 
sition of the variety to produce runners, which are really but a 
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form of viviparous flower branches, and thus a legitimate part 
of the female S3’stem. So in Viola , where we have many forms 
of female influence, from the underground stolon, or the creep- 
ing runner which propagates without impregnation, to the apet- 
elous flower which mature seeds on the smallest possible 
quantity of pollen, up to the perfectly formed hermaphrodite 
flower of spring — all regular and gradual grades of one iden- 
tical female principle ; in contrast with species, which through- 
out maintain a near connection with the male principle by 
retaining pure hemaphrodite flowers through their whole stage, 
we find those possessed of the highest types of vitality which 
are evidently the most under the laws of female influence. 

In a brief paper like this it is not my purpose to introduce 
more of the facts I have observed than will sustain the proba- 
bility of the theory I have advanced. I do not wish to urge it 
for adoption — my object is to excite investigation on the part 
of other observers, who will, I think, find everywhere about 
them, that wherever the reproductive forces are at all in opera- 
tion, it is the highest types of vitality only which take on the fe- 
male form . 

I have confined myself to sex in plants, botany being my 
special study. Do the same laws prevail in the Animal World ? 
I think they do, but this being out of my favorite province, 
I dare not discuss it, but content myself with the bare sug- 
gestion. 


3. On the Glands of Cassia and Acacia. By Thomas 
Meehan, of Germantown, Penn. 

Dr. Asa Gray, in his Manual of Botany, describes the 
glands of Cassia marilandica, as being towards the base of the 
petiole. This is true only of the upper leaves. The lower 
ones have the glands varying in position from near the base 
up to the lowest pair of Pinnae. It is clear, from this varying 
position of the gland, that it is not a normal part of the in- 
dividual leaf structure. If it were, it would be always in the 
same position relatively with other parts. It is fair to assume 
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that it is locally an accident. An examination of two allies, 
GledUschia and Gymnocladus , will afford the clue to its real 
nature. 

Of course all know that the spine in Oleditschia is an abor- 
tive or stunted shoot, and that the true shoot springs when it 
grows at all, from the bud below. There are therefore two 
axial buds in this plant, the one above the other. I have dis- 
covered that a similar system of buds exist in Gymnocladus , 
only that there are often three in one line, one above another, 
instead of only two as in Oleditschia . These buds rarely push 
forth into shoots, and hence as you know its name Gymno- 



Gledltschta Juglans Gymnocladus 

triacanthos. clnerla. canadensis. 



I tea 

Vlrgfnlca. 


dadus has been given to it from its naked main branches. It 
is now worthy of note that the upper bud, the one farthest 
removed from the axil, is the largest and best developed ; and 
that when a shoot does come it proceeds from it. Also that 
one or two of the lowest buds are very often below the centre 
of the axis of the petiole. Turning now to Oleditschia , we 
find that in its two buds, it is the lowest, or what in the other 
case would be the weakest, which in this instance makes the 
shoot. It is the upper bud which makes the spine, and I sup- 
pose has the least developed vitality. Thus we see in these 
two allied plants there is no fixed system in the order of axial 
development; sometimes it is the upper bud, sometimes the 
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lower, which first pushes into growth. We also see by the 
failure of the upper bud in Gleditschia to elongate — by its deg- 
radation, to a mere spine — that there is a tendency in all these 
axial parts to become assimilated into each other. 

Turning now to Cassia Marilandica and Acacia julibrissin , 
we find that their normal system is to have two buds, one above 
another, as in the other two ; and that the lower bud is nearly 
opposite the centre of the leaf petiole as before mentioned in 
Gymnodadus ; and further that in its early attempts at devel- 
opment it has been absorbed into the tissue of the petiole and 
borne along with it to a certain extent, and finally become an 
unwilling part of the leaf stalk. 

Trifling as this observation of successive series of buds, one 
above another, in Gymnodadus may seem to be, it may have a 
very important bearing on our knowledge of the formation of 
buds. We have been taught that the leaf is the parent of the 
bud, and an axial bud and leaf are always associated. True, 
physiologists have noted other buds proceeding from stems and 
roots ; but they have made short work of this mystery by at 
once deciding that there are two distinct species of buds, and 
they have termed these leafless affairs adventitious buds ; but 
in the case of Gymnodadus we see that of the three buds, one 
above another, — and the upper one in strong shoots, often an 
inch away from the lower one, — it is this one the farthest away 
from the leaf axis which is the strongest. If the leaf exerted 
any influence, the bud nearest to the leaf axis should derive the 
most benefit ; and further we see in Cassia that instead of the 
leaf aiding in the development of the bud, it is the direct 
agent in arresting its growth, and is no doubt also the agent in 
causing the lower buds of Gh/mnodadus to be weaker than the 
upper ones. 

These series of buds have been singularly overlooked by 
botanical observers, and therefore the unmistakable voice in 
which they speak to us has remained unheard. We find them 
in other plants of very different families. Particularly do they 
exist in the most vigorous forms of Carya, and Juglans, 
amongst the Corylacece ; and in Ericaceous plants we find them 
in Itea virginica , in which the upper bud the farthest away from 
the leaf axis is very fully developed. 
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I hesitate about offering theories so revolutionary as those 
to which my observations seem occasionally to tend. I hope 
the reader will not dwell so much on my explanations of the 
facts as on the facts themselves. Examine them and possibly 
a much better theory than my own may be evolved. I chiefly 
desire to call attention to facts which seem to have been over- 
looked. 

Note —S ince this paper was read Dr. Geo. Engelmann has pointed oat to the au- 
thor another remarkable instance in Cornua paniculota L’Her. There are two buds 
here; the upper one pushes into growth the same season , and continues the axil- 
lary growth of the plants ; the lower one, next to the axil of the leaf, remains alive 
tor many years, but rarely grows more than enough to always keep it just 
above the level of the bark. Also Dr. E. points out that there are three buds, one 
above another, in Lonicera Xylosteum Juss. (I find there are five, but two do not get 
through the bark) but the order of vigor is inversed, the strongest being near the 
base of the leaf. This observation does not affect the deduction that the leaf has 
no influence in the production of the buds, — that the leaf is a coincidence with, and 
not a cause of the bud or buds ,— but this remarkable exception shows that the 
whole subject is worth deeper research than bestowed by the author in his brief 
paper. 


IV. ETHNOLOGY. 

1. On the Distribution of the Native Tribes of Alaska 

AND THE ADJACENT TERRITORY. By W. H. DaLL, Of 

Washington, D. C. 

The principal authorities on the Ethnology and Philology 
of Russian America, are the works of Count Admiral von 
Wrangell, and H. J. Holmberg. The former, republished 
from the Memoirs of the Imperial Academy of Science , edited 
by Baer, and with additions and an appendix by Baer and 
Helmersen, was issued at St. Petersburg in 1839. Holmberg's 
work first appeared in the Acts of the Finrdand Scientific 
8ociety 1 and was published at Helsingfors, under the title of 
m Ethnographic sketch of the People of Russian America , in 
1855. This embodied all the additions that had been made by 
the few explorers since Wrangell’s time, and fairly represents 
the knowledge possessed by ethnologists, in regard to the in- 
habitants of Alaska, up to a very recent date. From personal 
observation, during several years exploration in that country, 
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I am enabled to correct many errors, and add to the stock of 
knowledge of the subject, much new information in regard to 
their distribution ; the more important part of which is em- 
bodied in this paper. Holmberg* divided the native inhabi- 
tants of Alaska into four groups: — 1. Thlinkets (Thlinkil- 
then) ; 2. Koniags (Konjagen) ; 3. Tnaina (Thnaina), or Ken- 
aians ; 4. Aleutians (Aleuten) ; and these groups again into 
others equivalent to their tribal organizations, as follows : — 

Group first into: — 1. True Thlinkets , extending from the 
Nasse River to Mt. St. Elias ; and the 2. Ugalentze , whom he 
describes as visiting Kayak island in the winter, and spending 
their summers on the banks of the Copper River. 

Group second: — 1. True Koniags , or inhabitants of the 
island of Koniag, or Kadiak ; 2. Tchugatches , from Prince 
William Sound, along the south shore of the peninsula of 
Aliaska, except the east shore of Cook’s inlet ; 3. Aglegmutes , 
inhabiting the north side of Aliaska, part of Bristol Bay, and 
the mouth of the river Ntishergak ; 4. Kiataigmutes, between 
the last, on the coast ; and 5. Kuskokwigmutes , on the Kus- 
koquin River, fYom Fort Kolmakoff to .the sea, and also on the 
island of Nunivak ; followed on the coast by the 6. Agulmutes; 
7. Magemutes; 8. Kivikhliuagmutes ; and 9. Kwich pagm utes , 
which occupy the delta of the Yukon River, followed by the 10. 
Tschnagmutes , in Norton Sound, and 11. Pastolikmutes , at the 
mouth of the Pastolik River ; the 1 2. Anlygmutes , on Golofnin 
Bay, north of Norton Sound, and lastly the 13. Mauegmutes , 
between Norton Sound and Kotzebue Sound. 

Group third : — 1. Yunnakakotana , on the Nulato and Koy- 
oukuk Rivers ; 2. Yunnachotana , on the Yukon River ; 3. 
Inkiliks , on the Yukon, south of Nulato ; 4. Yugelnutes , on 
the lower Yukon, in the Shageluk slough and mouth of the 
“Innoko” River; 5. Inkalikluaten, bey ond the “ Innoko 6. 
Tlegonkotana , on the river “Tlegon 7. The true Kenaians or 
Tnaina , on the peninsula of Kenai ; 8. Kolshina , on the upper 
Kuskoquim and Atna Rivers. 

Group fourth : — 1 . Unalashkans , or Fox Island Aleutians ; 
2. Atkans , or Andreanoff islanders. 

* The difficulty of obtaining access to both the above mentioned works is my 
excuse for quotation. 
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This classification needs very extensive revision. Holmberg 
was misled, partly by the exaggerated and unreliable reports 
of Zagoskin, the first Russian explorer of ther Yukon Valley. 
It must also be remembered that 9 .II his information was de- 
rived at second hand, and much of it from publications by un- 
scientific persons and ignorant traders. 

The inhabitants of Alaska and the adjacent territories may 
be divided into two great groups ; those who belong to the 
aboriginal American stock, whom we are accustomed to desig- 
nate as Indians; and those scattered along our northern 
coasts from Greenland to Berings Strait, and for whom we 
have as* yet no general term, but who have been called Eskimo, 
Aleutians ; and on the Asiatic side of the straits, Tuski and 
sedentary Chukchees. This last great group I propose to 
designate as Orarians ; * a single term being needed in gen- 
eralization, and none of those in use being sufficiently compre- 
hensive for the purpose. The Orarians are distinguished by 

( 1 ) their language of which the dialects in construction and 
etymology bear a strong resemblance to one another, through- 
out the group, and differ from the Indian dialects, as strongly ; 

( 2 ) by their distribution ; always on islands, or confined to the 
sea coasts ; sometimes entering the mouths of large rivers, as 
the Yukon, but only ascending them for a short distance, and 
as a rule, avoiding the wooded country ; (3) by their habits, 
more maritime and adventurous than the Indians; following, 
hunting and killing, not only the small seal, but also the sea 
hon, and walrus. Even the great Arctic bowhead whale, fre- 
quently succumbs to their preserving efforts ; and the harpoon 
now universally used by whalers, having superseded the old 
fashioned article, is a copy in steel of the bone and slate 
weapon which the Eskimo hav^ used for centuries ; (4) by 
their physical characteristics, a light fresh yellow complexion, 
fine color, broad build ; and especially the largely developed 
coronal ridge, and an obliquity of the arch of the zygoma. I 
am informed by that eminent craniologist, Dr. Otis of the U. 
S. Army Medical Museum, in Washington, who has handled 
perhaps as many aboriginal American crania as any living 
ethnologist, that the cranial peculiarities, referred to above, 

•From ora , a coast, in allusion to their invariable coastwise distribution. 
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are common to all Orarian skulls, and form a ready means of 
distinguishing them, being only shared by the northern mound- 
builders, who were, perhaps their ancestors. 

They are confined to the coasts and islands of northern 
America, Greenland and the extreme north-eastern portion of 
eastern Siberia, near Bering Strait. 

They are known to the northern Tinneh or Chippewyan In- 
dians as u Uskeem6,” or sorcerers, and a belief exists among 
all the Indian tribes acquainted with them, that they are pos- 
sessed of supernatural powers. This belief is not unnatural, 
when we compare the stupid and indolent Indian, gorging or 
starving by turns, with the agile Eskimo in his kyak, seldom, 
at least in the more favored regions of Alaska, without a 
reserve supply of food in his storehouse ; and as much at home 
on the waves as a seabird. 

The tribes of this group in north-west America and north- 
east Siberia, may be divided into three lesser groups. 

1. Eskimo. 

2. Aleutians. 

3. Tuski. 

The Eskimo tribes are scattered along the Arctic coast 
very sparingly. They call themselves Innuit and take for a 
more specific designation the name of the locality where they 
live, as Unalaklik , changing the termination so as to make an 
adjective Unalakligmute , applicable to a single man or woman, 
and of which the plural is Unalakligmunes. They have also 
tribal names, indicating the inhabitants of a certain tract of 
country. The tribal lines are very faint and they intermarry 
without scruple ; although there does not seem to be any sys- 
tem like that of the totems, among the whole of this group. 
South of Pt. Barrow the following tribes may be distinguished : 

1. Kaviagmntes. — They inhabit the peninsula between Kot- 
zebue and Norton Sounds, which is called by them Kaviiak. 

2. Okeeogmutea. — These inhabit the islands of Bering Strait, 
and perhaps St. Lawrence. 

3. Mahlemutes. — Inhabiting the neck of land between Kot- 
zebue Sound and Norton Bay ; their chief village is Attenmute 
on the divide. 

4. Undligmutes. — Comprises those living on the shores of 
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Norton Sound, and south on the coast to the Yukon-mouth ; 
comprising beside others, Holmberg’s Nos. 10 and 11 of his 
second group. The names which he uses are mere local desig- 
nations, hardly subtribal in value. 

5. Kwikhpagmutes , or Ekogmutes. — Inhabit the delta of the 
Yukon and are found some fifty miles into the interior where 
the delta begins. They are called Premorska by the Russians, 
meaning “ people by the sea,” and take their name from one 
of the mouths of the Yukon, which is called the Kwikhpdk. 
Those living on the Kusilvak mouth are known as Kusilvdg- 
mutes. 

6. Magemutes . — Or “ mink people,” live south-west of the 
Yukon mouth between it and Cape RomanzofF. The previ- 
ously mentioned tribes all use the labrets, one on each side, 
just below the comer of the mouth. The men only wear 
them. In this tribe, however, they have a different fashion. 
The women wear two “ C” shaped ivory hooks, with the points 
projecting in front, under the middle of the lower lip. They 
get their name from the abundance of mink in the region they 
inhabit, almost to the exclusion of other fur animals. 

7. Agvlmutes . — Occupying the region between the Kusko- 
quim and Cape RomanzofF, and the island of Nunivak. They 
are a very shameless and filthy race ; nor so ingenious as those 
on either side of them, except in the matter of carving ivory, 
in which they excel. 

8. Ku8kwogmutes . — Inhabit the mouth and lower banks of 
the Kuskoquim River. 

9. Nushergagmutes . — Inhabit the shores of Bristol Bay, near 
the mouth of the Nushergak River. 

10. Oglemutes . — Are found on the east shore of Bristol Bay, 
south of the last and on the north coast of Aliaska peninsula. 

11. Koniagmutes . — Occupy the south coast of Aliaska east- 
ward to the sixtieth degree of latitude, the island of Kadiak 
(originally Koniag) and the adjacent small islands of the 
Koniag or Kadiak archipelago. 

12. Chugachigmutes. — Are found on the south and east 
shore of the Kenai peninsula and the shores of Chugaeh Bay, 
better known as Prince William Sound. 

13. Ugalakmutes . — The existence of an Eskimo tribe in 
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the vicinity of Mount St. Elias, is demonstrated by a vocab- 
ulary furnished Mr. Gibbs, by the officers of the Russian 
American Company. Kayak, the name of a sm|dl island, said 
to be occupied by an Indian tribe during the winter, is evi- 
dently of Eskimo extraction. This is the last Eskimo tribe, 
going south on the north-west coast. 

The Aleutians may be divided into two groups, which, how- 
ever, from the deportation of Aleuts by the R. A. Co., and 
their arbitrary establishment of villages at one time, and as 
arbitrary destruction of them at another, — have lost much of 
their distinctness. They are the 

1. Unalashkans . — Who inhabit the Fox Islands ; principally • 
on Unimak, Unaldshka, Umnak and Akhun, and 

2. Atkans . — Or Andreanoff islanders, who inhabit the islands 
of Atka, Amlia, Adak and Attu. 

Finally the last group of this race, which has been graphi- 
cally described by Lieut. Hooper, R. N., and who have been 
described as sedentary or fishing Chukchees (which name has a 
numerous variety of spelling) Chukluk, or Namollo, and Tuski. 
Their language at once distinguishes them from the true Chuk- 
chee, or “ deer-men,” as they call themselves, and their physi- 
ognomy is different. They differ from Eskimo (with whom 
they have been at war since 1630, and perhaps for as many 
more centuries) in not wearing labrets, and in many respects 
relating to their mode of life. Their generic name is Yul , evi- 
dently derived from Innuit “people.” Those on Seniavine 
strait call themselves ChuJdukmutes , but they are so few in 
number and occupy such a small extent of territory, that it is 
hardly worth while to do more than adopt the general name of 

1. Tuski . — Proposed by Lieut. Hooper. They extend along 
the shores of the country between Anadyr Gulf and Kulu- 
chinskaia Bay and Bering Strait. 

The Indians are not so easy to group, without more division 
than perhaps is justified, by our present state of knowledge of 
some of the tribes. So far as Alaska and the adjacent Ameri- 
can territories are concerned, the Thlinkets from one very dis- 
tipct group, and many points of resemblance seem to suggest 
that the Ingaliks and Koyukuns, as well as the Atna or Cop- 
per River tribes, and the Indians of Kenai should form, with a 
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subdivision for the Kutchin tribes, another ; while the Haidahs 
of the extreme southern part of the Alexander Archipelago, 
belong with thqse of Queen Charlotte’s Islands to still another 
group. There are several extra-limital groups requiring notice. 
Commencing at the south on the coast, we have south of our 
boundary on the mainland, the Chimsyans ; and on Queen Char- 
lotte’s Islands the Haidahs, who extend across Dixon’s en- 
trance, and have several villages on our islands. They are 
more properly 

1. Kygani. — And are only found at this point in our territory. 

We next find the Thlinkets inhabiting the Alexander Archi- 
pelago and adjacent shores of the mainland. Kwan with 
them signifies 44 people,” and is affixed to the local designa- 
tion. Of some of the tribes in this and the next group, we 
only know the Russian names which may or may not, be those 
by which they call themselves. The Thlinkets may be divided 
as follows : 

1. SitkarJcwan . — Occupying Baranoff, and the adjacent 
islands of the archipelago and having their principal village 
near Sitka. 

2. Stakhin-kican , — Or Indians inhabiting the mouth of the 
Stikine River and the adjacent coast. 

3. 44 YaJcutats .” — Or residents in the vicinity of Bering or 
Yakutat Bay. They are allied by their language to the two 
previously mentioned tribes, but little is known of them. 

We now reach the southernmost point of appearance on the ' 
coast of the western Tinn6h tribes, which may be separated 
into three general groups; those calling themselves Kutchin 
(people), and those who designate themselves Tinneh or Tahna , 
with the same significance. The first of the Tinneh tribes be- 
longs to the latter group, using, the word tahna , as do most 
of those near the coast, while those on the upper Yukon 
and interior are 44 Kutchin,” while those still farther east on 
the Mackenzie are Tinneh. In this general list I shall regard 
them as a whole. 

1. 44 Ugalense .” — This is the name used by Russian and 
German authorities to designate a tribe that has its winter 
quarters on Kayak Island, and resides on the lower banks of 
the Atna or Copper River in summer. These are referred to 
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the Thlinket family by. Holmberg, but perhaps belong rather 
with the Tinneh. 

2. “ Ali-tena” — Living on the upper Copper River, not to be 
confounded with the Kutchin tribes of the upper Yukon who 
visit the head-waters of the Copper River to trade, and are 
called Kolchina or Kolshina by the Russians ; who apply that 
term to many tribes of whom they know very little. 

8. M Kenai-tena” — Thnaina on Tenahna of Holmberg, in- 
habit the shores of Cook’s inlet and the country, to the Alas- 
kan Mountains. 

4. Kaiyuh-khotana. — (Lowlanders) or Ingaliks. This great 
tribe speaks essentially one dialect and includes Nos. 3, 4, 5, 
6, 7 and 8 of Holmberg’s third group of Thnaina. The “In- 
noko” River is really the Shageluk, and the “Tlegon” “Tat- 
sheg-no,” etc., are mythical streams, running through a country 
which has never been penetrated by white men or Russian 
creoles, and reported by the Indians to be nearly destitute of 
fish and game, and hence uninhabited. 

5. Koyukokhotdna. — Or Koyukun Indians, inhabit the re- 
gion north of the great bend of the Yukon on the Koyukuk 
River. The Nulato Indians, whose language bore more resem- 
blance to the Koyukun dialect than any other Ingalik branch, 
were exterminated by the Koyukuns in 1851, with the excep- 
tion of a few children. 

6. UnaJchotana . — (Far off people) inhabit the banks of the 
% Yukon above Koyoukuk Mountain, to the mouth of the Tana- 

nah River. There are very few villages, and these, as well as 
all the Kutchin and Ingalik tribes, living on the river, call 
themselves Tukonikhotana or “ men of the Yukon.” 

7. Kutclia kutchin (Loucheux). — Inhabit the country near 
the junction of the Rat River and the Yukon. These and the 
following tribes are migratory, following the deer and pitching 
their lodges anywhere ; while the Ingaliks and Koyukuns have 
well built permanent houses, which they occupy at least for a 
part of the year. 

8. Tenan kutchin, — (Mountain men) are found on the banks 
of the Tananah River, which has never been explored by white 
men. They come, however, to trade with both Russians and 
Hudson Bay traders at Nuklakahyet. 
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9. Natche kutchin. — (Wanderers) nprth of the Yukon and 
Rat Rivers about longitude 144° W. 

10. ‘ Vunta kutchin . — (Loucheux) on the Rat River farther 
up, in the H. B! Territory. 

11. Tuk-kuth kutchin . — (Rat people) occupy the headwaters 
of the Rat River ; on the other hand going up the Yukon. 

12. Han kutchin. — (Wood people) or Gens de Bois, about 
two hundred miles above Fort Yukon on the Yukon and be- 
yond them. 

13. Tutchon Kutchin. — (Crow people) or Gens des Foux on 
the Yukon, nearly to the site of Fort Selkirk, at the junction 
of the Lewis River and the Pelly, and finally we find at the 
headwaters of the Yukon the 

14. Abba-to-tenah. — Or Nehaunee Indians, who are found 
along the coast range, and parallel with it ; and by crossing 
the same we reach our starting point again among the Stikine 
Thlinkets. 

The limits of this paper will not admit of an elaborate de- 
scription of the several tribes, but a few remarks of a general 
nature may not be entirely out of place. The accompanying 
vocabularies will show more clearly than pages of argument 
or explanation, the relations which exist between the several 
dialects. These are only given as specimens for comparison, 
the bulk of material being in preparation for publication. 

It is to be hoped that measures will be taken at once to pre- 
vent the utter loss of the traditions and ancient religious rites * 
of the Aleuts and Koniagemutes. These rites were put down 
eighty years ago, by the Russian missionaries, almost literally 
with fire and sword. At the same moment that the traders 
deprived them of their liberty, in order that they might be 
forced to hunt fur animals for the benefit of the Russians, the 
priests fired with ardor, and the hopes of promotion in the 
church, burned their idols, and destroyed, wherever possible, 
the gorgeous paraphernalia in which the mysterious rites of 
their ancient religion were performed. These rites were 
secretly kept up for forty years, but were at last totally sup- 
pressed, and the only relics remaining are a few decayed, yet 
still curious masks, which were placed with the dead, whom the 
priests did not attempt to disturb. Had they preserved an ac- 
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count of the religion ttjey destroyed we might forgive them 
their iconoclasm, but their records only contained lying reports 
of immense numbers of converts to Christianity ; which re- 
ports were so astounding in their exaggeration that, says the 
Kussian historian, Tikhmepief, “they were received with 
doubt,” at St. Petersburg. 

The only means by which any part of these traditions can 
be preserved, is by obtaining them from a few old men who 
witnessed in their youth the ceremonies referred to, and have 
not to this day become emancipated from the attendant super- 
stitions. These old men will soon pass away, and if no steps 
are taken to prevent it, all knowledge of the ancient Aleutian 
customs with them. My own opportunities did not allow of 
my obtaining the desired information. 

The Eskimo of Norton Sound, the Yukon-mouth and Kot- 
zebue Sound are fine athletic men, many of them six feet 
in height, and averaging, I should say, as tall as any civilized 
race. They are as ingenious, as honest and industrious as the 
majority of white men, and very far superior to any Indian tribe 
in the territory. They are great eaters, but no more so than 
the Indians, and they are by far the cleaner of the two. They 
fall victims to the use of liquor whenever they can obtain it, 
which is the only obstacle between them and the hope of ulti- 
mate civilization. At no point does there seem to be any in- 
tercourse between the Eskimo and Indians except in the way 
of trade. They never intermarry, and in trading, use a sort 
of jargon, neither Indian nor Eskimo. Few words, as far as 
I have been able to find out, are common to the two languages, 
except kweenyuk (pipe), which the Indians borrowed from the 
Eskimo, who were the first to obtain and use tobacco, and 
tenekuh (moose) , an Indian word which is used by the Eskimo, 
as they have no moose and hence no word for it in their 
country ; and a few evidently similar cases. 

The Indians who live in the more mountainous regions, and 
hunt the deer, are active, courageous and prone to war. Those 
on the other hand who live on the moose, which frequents the 
lowlands, are comparatively peaceful ; while those on the lower 
Yukon whose diet is almost exclusively fish, are the lowest, 
most degraded and filthy of all. 
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Race. 



Family. 

IIaidau. 


Triiie. 

Kygam. 

SlTKA-KWAN. 

Man. 

Eet ling. 

Kakh. 

Woman. 

I-adder. 

Shawwath. 

Wife. 

l’tsar. 

Eeshel. 

Boy. 

Girl. 

♦Eetliugahutzo. 

* Iaddanutzo. 

Kisu nee. 

Shaat’k. 

Chief. 

’Itlagata. 

Ankab. 

Water. 

Hunt’l. 

Hee-en. 

Snow. 

Tow-ow. 

•Plait. 

Ice. 

Kelk, 

Teeght. 

Rain. 

•Talla. 

Secv-va. 

Land. 

Klik. 

Ta-uk. 

Island. 

Kwai. 


Fire. 

Lannu. 

Tithkaan. 

Reindeer. 

Kait. 

Keeahkan. 

Fish. 

♦Tsee’nah. 

Ah liaat. 

Knife. 


H’leeta. 

Good. 

Lai. 

Akai. 

Bad. 

Tarncr. 

Klaikoaskai. 

Big. 

U-oue. 

Atleen. 

Little. 

Ehudso. 

Akwitko. 

Hot. 

Hunan. 

Tah al. 

Cold. 

Tut. 

Teet salit. 

I. 

♦Te'e a. 

Khat. 

You. 

* Tah-a.- 

Mabyeh. 

He, she, or it. 

* Lah*a. 

Youta. 

Yes. 

* Ang. 

Aha. 

No. 

•Kura. 

Klekha. 

1. 

Skwanson. 

Klaikh. 

2. 

Stuu. 

Tai egh. 

3. 

Klunet. 

Nitgh. 

4. 

Stansien. 

Takoon. 

5. 

Klaith. 

Ketcheen. 

6. 

Klunitch. 

Klaitoosee. 

7. 

Sckwa. 

Taghatooso. 

8. 

Stansioner. 

Nitghtatoo8o. 

y. 

Klathskwanson 

Kooshak. 

10. 

Klath. 

Chinkat. 

Authority. 

Gibbs. 

Lisiansky. 


most degraded and filthy of all. 


STAKH1N-KWAN. 


Ka. 

Shahwat. 

Ach-shet. 

Y etekw’. 
Shakctsko. 
Ankowa. 
Hehn. 

Kleht. 

Teekh. 

Se^wh. 

Klatk\ 

Kat’h. 

K’haun. 

Kohkan. 

Tach. 

Klecta. 

Yek-keh. 

KlehMooslikeli. 

Atklchn. 

Yehkokeuk. 

Yet-tah. 

Coos’ah't. 

Hutt. 

Weh. 

Hooh. 

Ah. 

Klehk. 

Klehch. 

Teh-uch. 

Nusk. 

Tahkdnc. 

Keechin. 

Klehtoosha. 

T’lnitoosha. 

Nfskatoosha. 

Koshuku*. 

Chin kat. 


*Skitagett Village. 


Ka. f. 
Shk vn 
Siet. t 

KcliktJ 
Kama . 
Hein. r 

I In- it. t 
Titz. I 
Seiw. E 
Hittikl 
Tziikuf 
Kfm. 
Natllni 

II a at. t 
Phloitf 
Kulzu* 
Kushi& 
Aht'lu# 
Yakut I 
Stehuu 
Coosa-]. 
Khutaf 
Way-ef 
Yoota.r 
Ee. f 
Tikh. r 
Tsai la^ 
Teeuki 
Noutik 
Takoai 
Ke-el.ii 
K lectin; 
Tu ha at: 
Nutut\\ 
Kosluif* 
Chinkaj_ 
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JL belief in shamanism is common to all, both Indian and 
imo. The system of totems, according to Mr. Ross, exists 
mg the Kutchin tribes, but is falling into disuse. I found 
traces of it among the Ingaliks or Koyukuns. It is in 
ge among the Thlinkets, who call it U lua>parte-utk” and 
fciguish four totems, the crow, wolf, whale and eagle. The 

bin or Loucheux distinguish only three. The Eskimo 

nothing of the kind. Many of the tribes enumerated 

Do little known to say whether they have adopted it or 

H Few of them are dangerous, fewer still openly hostile 

§ttw t whites. 

(the following vocabularies a number of words have been 
Kama 11 would be suited for purposes of comparison. Of 

Heio. lirty-four tribes enumerated we have vocabularies of only 
Tit*, y-two and many of these are extremely limited. Of 
Hiuii I am indebted to Mr. George Gibbs for the use of five, 
ko£ u .his unrivalled collection, viz. : the Yakut at, Nushergag - 
Haai a >St. Elias Eskimo, Kygani and StaJchinkwan . 

Kutxu * Kutcha kutchin was obtained by the late lamented Rob- 
Abt'fr bnnicott. 

sichu * Tenan kutchin , Unakhotana , Kaiyuhkhotana , YuJconi - 
£huta ***> Ekogmute , Unaligmute , Mahlemute and Kaviagemute , 
'*oota °^ >ta ^ ne< l by myself. 

Be. b remainder are from the well known works of Baer, Lisi- 

Tikh. 

r, Wrangell, Saur and Egede. 

Noutik 
Takoa 

Kleeth 
XuhaAi 

Nutotv 
Koeho 

Chioka 


ji THE BOTOCUDOS OP BRAZIL. 

(Of Ithaca, N. Y. 

(ABSTRACT.) 


By Charles F. Hartt, 


t spoke of the origin of the name Botocudos, described 
of middling height, stout in body, but thin and gdherally 
; in the extremities. They have about the color of light 
toes ; eyes generally dark, rarely blue, cheek bones not 
y prominent. They generally pull out the beard but some 
re a sparce growth of hair on the chin. The adults gener- 
ally wear in the perforated ears and lips pieces of wood, shaped 
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like a bottle cork. The custom is not kept up at present, few 
of the children having the perforations. The pressure of this 
plug generally causes the loss of the front teeth, which are 
pushed out of place. Mr. Hartt gave a graphic description of 
the appearance of the deformity thus caused. 

These Indians sometimes paint not only the face but the 
body with annatto and a black vegetable dye, but they usually 
go naked and unpainted. They carry long bows, often exceed- 
ingly hard to bend, using arrows of different kinds for hunting 
and in war. Before the settlement of America by the whites 
they used cutting instruments of stone. The several tribes 
are governed by chiefs chosen for their strength and stature. 
Professor Hartt described their food as consisting of wild ani- 
mals, including monkeys, lizards, and snakes ; they are very 
fond of the larvae of beetles found in decayed wood. Bananas, 
honey, ants, etc., are also used for food. They obtain fire 
by twirling a dry stick in a small hollow in another. They 
have only one wife, who is treated very brutally. The women 
are almost slaves, carrying the burdens and doing all the hard 
work. Children are generally treated kindly. Their religious 
ideas are very dubious, they believe in bad spirits, great and 
small ; but they appeal* to have no idea of a good Go d. The 
dead are buried in the wigwam or near it, and the camp is gen- 
erally deserted. The corpse is buried horizontally without 
anything in the grave with it, and a fire is sometimes built 
over the grave to keep off bad spirits. They are strongly 
suspected of cannibalism. They have very monotonous dances 
of which they are very fond. The Brazilians have in past 
years hunted them like dogs and this destruction, with the ef- 
fects of rum, has almost exterminated the race. The Botocudos 
are now confined to the forest between the Rio Doce and the 
Rio Pardo. They resist civilization and Christianity, and are 
sunk in the lowest barbarism. 

The* speaker gave a minute description of their language, 
which is simple and almost without inflections. 
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64. The Value of the Characters drawn from the ex- 

ternal Armature of Lepidopterous Larvae. By 
S. H. Scudder. 

65. The Internal Anatomy of Danais Erippus. By S. H. 

Scudder. 

66. A Classification of the Eggs of Butterflies. By 

S. H. Scudder. 

67. Evidences of high antiquity in the Kjcekkenmcedden 

Deposits of New England. By E. S. Morse. 

68. On Laws of Trade. By E. B. Elliot. 

^9. On the Productiveness of the Human Race. By J. F. 
Holton. 

70. On Cleaning Guanos so as to obtain the Microscopic 

Organisms in them. By A. M. Edwards. 

71. Some Remarks on the Infusorial Deposits of North 

America. By A. M. Edwards. 

72. Comparison of the Coral Faunae of the Atlantic and 

Pacific Coasts of the Isthmus of Darien, as bearing 
on the supposed former connection between the 
two Oceans. By A. E. Verrill. 
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EXECUTIVE PROCEEDINGS 


OF 

THE SALEM MEETING, 1869. 


HISTORY OP THE MEETING. 

The Eighteenth Meeting of the American Association for 
the Advancement of Science was held at Salem, Mass., com- 
mencing on Wednesday, August 18, and continuing to Tues- 
day Evening, August 24. 

Two hundred and forty-four names are registered in the 
book by members who attended this meeting. One hundred 
and fifty new members were chosen, of whom one hundred and 
eleven have already signified their acceptance by paying the 
annual assessment, and, when practicable, signing the consti- 
tution. One hundred and sixty-two papers were presented, 
many of which were read, and some of them discussed at 
length. 

The sessions of the Association were held in the County 
Court Houses, and in the Vestry and Church of the Tabernacle 
Society. At about 10 o'clock a.m. on Wednesday the members 
were called to order by Dr. B. A. Gould, the retiring Presi- 
dent, who, in a few appropriate words, introduced the President 
elect, Col. J. W. Foster. At the request of the Standing 
Committee, prayer was offered by Rev. E. S. Atwood. 

The chairman of the Local Committee, Dr. Henry Wheat- 
land, then introduced the Association to His Honor Mayor 
Cogswell, of Salem, speaking as follows: — 

«B5) 
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Mr. Mayor : — Allow me to introduce to you the President 
and members of the Ajnerican Association for the Advance- 
ment of Science. 

This Association dates its origin to 1840, when, on the 2d of 
April of that year, some eighteen gentlemen, principally con- 
nected with the several State Geological Surveys then in pro- 
gress, met in the hall of the Franklin Institute, Philadelphia, 
at the request of the members of the New York Survey, and 
organized an association under the name of “The Association 
of American Geologists.” At the meeting in Boston, in 1842, 
it was decided to enlarge the objects so as to embrace the collat- 
eral branches of natural science, the name being changed so as 
to read “The Association of American Geologists and Natural- 
ists.” At the meeting in 1847, the objects were still farther 
enlarged so as to include all departments of science. A new 
organization was effected under the present name. Thus, in 
the spirit of this enlarged constitution, the Association opened 
its doors wide for the admission of students in every department 
of positive science, convinced that the time had come for thus 
extending its operations. This Association is republican in its 
organization and migratory in its visits ; meetings have been 
held in various cities of the Union annually, except during the 
years 1861-65, when they were suspended in consequence of 
the great crisis through which the country has recently passed, 
the meeting for 1861 having been appointed for Nashville. 

Twenty years since, the day following the adjournment of 
the Cambridge meeting, the Association visited Salem in the 
steamer It. B. Forbes, which was placed at its disposal by the 
kindness of the proprietors, and spent several hours in in- 
specting the Museum, the rooms of the Institute and other ob- 
jects of interest. This meeting was long remembered from its 
many interesting associations. 

It is always pleasant at these meetings to witness the assem- 
blage of so many zealous and enthusiastic workers in science, 
scattered necessarily over a large extent of territory, and kept 
asunder by distance and the claims of professional duties ; 
laboring amid all the inconveniences of solitude, and isolated 
from the sympathy and counsel of those engaged in the same 
glorious enterprise, thus coming together, becoming acquainted 
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with each other’s social and scientific worth, comparing notes, 
and contributing largely to scientific knowledge. May this 
meeting leave many pleasant associations, and be long remem- 
bered as productive of good results, and a lasting friendship 
between all the members. 

Mayor Cogswell responded in the following terms : — 

Mr. X > kesident and Gentlemen of the American Associa- 
tion for the Advancement of Science: — 

la tbe name of the people of the city of Salem I have 
the honor to bid you a hearty and most cordial welcome, 
and to express to you our hope that this visit may be so pleas- 
ant and. instructive that you may be induced to repeat it at no 
distant day. I am charged also with the agreeable duty of 
tendering to you the hospitalities of the city and the courtesies 
of her citizens. Coming as you do from all parts of the Con- 
tinent, bringing with you as you do the results of years of 
scientific study, meeting as you do to discuss the important 
questions embraced within the objects of your Association, we 
feel that your presence in our midst is an honor to our city, and 
^ we shall be benefited by your coming. We hope that 
our shores you may find objects of interest and instruc- 
b° n > and that the great study of nature and of nature’s God 
™ w bich you are engaged may be promoted thereby. We de- 
light somewhat in our rocky coast, for we believe it has borne 
hardy sons. We shall delight to show you everything of in- 
terest which we have, while from you we shall expect much of 
knowledge and information. Here, and in this vicinity, as you 
knw, was pi an ted that deep-seated, earnest, anxious sys- 
tem of religion which developed or was developed by the Puri- 
and which has left its impress wherever the son of the 
Puritan has trod. Religious as our fathers were, however, 
material considerations were not neglected, and the port of 
a encx bad the honor of first opening up to the new continent 
Wealth of the Indies and the fruits which have flowed 
^fcfrom. Some of this trade has now gone out from us to 
. ^ other places, but the city of Salem, with an energy 

^creasing every day, is now devoting herself to industrial 
P^uits on her own soil, taking her place, as all eastern cities 
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must, as the manufacturer of what the South and West pro- 
duce. We have also here some old traditions, I believe, of 
what took place among our people in those earlier days, of 
which you probably may have heard. The accomplished gen- 
tlemen in charge of our County Court records will be pleased 
to show you, if you will, some of the original documents rela- 
ting to those mysterious times, which it may interest you to 
examine. Whatever would have befallen a convention of pro- 
gressive scientific men in that day it might perhaps be hard to 
tell ; but I can assure you, gentlemen, that this day your con- 
vention will be safe and undisturbed. It is not for me, how- 
ever, to speak the praises of Salem, but rather to extend to 
you again its welcome. Welcome to our midst ; welcome to 
the duties of the session; welcome to all the pleasure and 
entertainment and kindness in our power to grant you ! From 
the West I greet you as the representatives of a mighty power 
in this country, in whose hands almost alone remains the weal 
or woe of the still great problem of our form of government ! 
From the South I greet you as the representatives of a section 
which it is my prayer may soon blossom as the rose, and to 
whose sunny clime and fertile soil it is my heartfelt wish may 
soon return a wealth, a happiness, and a peace which shall last 
for ever and ever. From the North and East I welcome you as 
neighbors ; and from the realms of the illustrious Queen I bid 
you welcome to the vicinity of the birth-place and the home 
of that distinguished citizen whose world-wide benefaction 
your Queen has delighted to honor and acknowledge. 

At the close of Mr. Cogswell's remarks, President Foster 
responded, addressing the Mayor and the Association, in the 
following words : — 

Mr. Mayor : — As the official organ of the American Asso- 
ciation for the Advancement of Science, I express to you my 
profound thanks for the cordial welcome extended to us on 
this occasion. It gives us pleasure once more to meet within 
the limits of this ancient Commonwealth, illustrious in its his- 
torical associations, and in those institutions designed for the 
cultivation of the intellect, and the alleviation of the ills inci- 
dent to our common humanity. 

It is proper, too, that we meet within the limits of this good 


Digitized by <^.ooQle 


HISTORY OP THE MEETING. 


289 


old town of Salem ; for, years ago, as the Mayor has informed 
you, its merchants, when they sent forth their ships to the 
East, which returned freighted with 

“ the wealth of Grams and of Ind,” 

were wont to dedicate whatever was rare or curious to the 
cause of science. This was the origin of the East India Mu- 
seum, the first institution of the kind, I believe, in the United 
States. The Essex Institute is another expression of the zeal 
of your people in the cultivation of those arts which dignify 
and adorn life. The Peabody Academy of Science is a noble 
monument to the comprehensive beneficence of its founder, 
and one among the many of those benefactions which have 
made his name illustrious in both hemispheres. 

The American Association, then, take pride in meeting here. 
It is an organization, catholic in all its aims and objects. In 
its ranks are enrolled men representing nearly every profession 
and every portion of the Union. We here meet on common 
ground — to compare views, to discuss problems, to eliminate 
truth, to announce results ; and, Mr. Mayor, when we shall 
have closed our deliberations, I doubt not that each one of us 
will carry to his home kindly remembrances of the courtesy 
and hospitality of the good people of Salem. 

Gentlemen op the American Association for the Ad- 
vancement of Science: — I desire to tender to you my pro- 
found thanks for this manifestation of your regard in calling 
me to preside over your deliberations. It is a position worthy 
of all aspiration. But the possessor must approach its duties 
with fear and distrust. It is with these feelings that I present 
myself before you on this occasion, but I trust that by the 
exercise of a spirit of strict impartially in the discharge of my 
duties, I shall win your approbation and support. 

The eighteenth annual session of this Association com- 
mences under favorable auspices. At its last meeting the at- 
tendance was never greater ; its treasury never better supplied ; 
and the memoirs, in number, variety, and interest, were never 
surpassed. There was a spirit of harmony and good fellow- 
ship among ourselves, and of zeal and devotion to the cause 
of science, from which we can draw the happiest auguries. 

A. A. A. S. VOL. XVHI. 87 
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We have now enrolled in our ranks a class of young men 
who are better educated, and have had far greater facilities for 
investigation than were enjoyed by us, their seniors, at their 
age, and to them we may safely confide the interests of this 
Association when we shall have rendered up our trust. What 
to us, at their time of life, was but a glimmering of light, to 
them is meridian splendor. What to us were but reasonable 
conjectures, to them are matured results. What we saw as 
through a glass darkly, they are permitted to see face to face. 
The verge to which we have attained, after long toil, is to them 
but the starting point for new explorations into the domain of 
nature. The future historian in treating of these times will 
regard this as an age, compared with past ages, when the hu- 
man mind put forth its most vigorous manifestations, not only 
in reference to pure science, but also in reference to the practi- 
cal arts of life. This has been accomplished by a faithful 
study of the laws of nature, and by acquiring a mastery over 
physical forces, — thus showing that nature is not like the 
Delphic Oracle of old which gave forth mysterious utterances 
and capable of two-fold interpretation, but rather like a benefi- 
cent deity, ready to reward each votary who, with all-rever- 
ent spirit and all-sentient ear, enters her sanctuary and listens 
to her teachings. 

Many of the Natural Sciences have developed into that 
beauty and harmony which now characterize them within the 
lifetime of many of us. Yet what we have accomplished is 
but the prelude to what shall be accomplished. The Chairman 
of the Local Committee has referred to the origin of this Asso- 
ciation, and has very properly told you that that origin dates 
back to the year 1840, when less than twenty ardent and de- 
voted men, for the most part engaged in the State Geological 
Surveys, assembled in the rooms of the Franklin Institute, at 
Philadelphia, and there organized as the Association of Ameri- 
can Geologists. He has traced that organization until it has 
assumed its present form. I take pleasure in recurring to that 
early history, because it was an event in American science. 
The necessity for such an organization was apparent. Geology 
at that time had hardly assumed the shape of a science. For- 
mations of the same age, and having a wide geographical 
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range, bore different local names ; and the entombed organic 
remains, which have proved the hieroglyphics by which we have 
been enabled to interpret the physical history of our planet, 
were then but little known. To compare views, to receive and 
impart instruction, and fix upon a common nomenclature, was 
the business of these observers. Each one brought forward 
the fruits of his observation to contribute to the general fund, 
—as of old among the Greeks, when a hero died, each warrior 
brought forward a shield full of earth, and cast upon his 
remains, until there was erected a mausoleum which rose up a 
conspicuous landmark against the sky and destined to endure 
for all time. 

The modern student of geology may smile at some of the 
speculations contained in the earlier proceedings, founded on 
the supposed persistency of lithological characters in the sev- 
eral formations, — as though the streams the world over were 
charged with the same sediments ; as though the ocean floor 
everywhere contained the same forms of organic life ; and as 
though volcanoes were simultaneously excited and poured forth 
the same igneous products ; but to their honor be it said that 
that little band of men, who, unheralded and without parade, 
thus assembled at Philadelphia, in 1840, were emphatically the 
fathers of American geology. 

Of the original founders time has more than decimated their 
ranks. Of the survivors some are in this presence and will 
participate in these proceedings. But I must not speak of the 
living, however meritorious ; my reminiscences are of the 
dead. And in this connection I would recall the name of 
Bailey, who, armed with the microscope, brought out results 
in the organic world almost as wonderful as those of Ehren- 
berg; of Mather and Vanuxem, and Ducat-el, and Locke, .who, 
to patient industry united keen powers of observation, and 
who have left behind enduring memorials; of Henry D. 
Rogers, who made some of the grandest generalizations in 
American geology and whose merits were recognized in both 
hemispheres ; of Houghton, who devised an admirable system 
of geological survey in connection with the lineal survey of the 
public domain, and from whom I parted a few hours before he 
became engulphed in the remorseless waves of Lake Superior ; 
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of Niccolet, a foreigner by birth, impoverished in means, and 
in feeble health, who, after five years’ toil brought out his astro- 
nomical survey of the valley of the Upper Mississippi ; of Red- 
field, among the foremost of our observers in meteorology ; of 
A. A. Gould, eminent as a conchologist, and an ardent promoter 
of all science, who was stricken down by the cholera when re- 
turning, after the war, from a meeting of this Association, at 
which he helped to revive its drooping fortunes ; of Johnson, 
whose report on the comparative evaporative power of our 
coals may yet be consulted with advantage ; of R. C. Taylor, 
whose work on “The Statistics of Coal” contains avast range 
of information which has served as the basis of our subsequent 
investigation ; of Harlan, who, at that time, was our only com- 
parative anatomist ; of Morton, among the most brilliant of 
our scientific men, who died prematurely for his own fame, pre- 
maturely for the cause of science ; and last but not least, of 
Hitchcock, the veteran observer, and Silliman, who in his 
Journal, combined and crystallized American science. Hitch- 
cock and Silliman went down to the grave ripe in years and 
crowned with honors ; and when I see before me the sons 
engaged in the same pursuits which the fathers illustrated and 
adorned, I am reminded that 

“ E’en in their ashes live their wonted fires.” 

I have deemed it proper on this occasion to pay this passing 
tribute to the memory of these early cultivators of American 
science. I fear, gentlemen, that I have detained you too 
long. Again thanking you for your courtesy, I close with 
the expression of the hope that our deliberations may be 
harmonious, and that they may tend, in the language which 
we have incorporated into our title, to “the Advancement 
of Science.” 

At the close of the address the Association proceeded to 
business, and elected Mr. F. W. Putnam, Permanent Secretary 
pro tem. in the absence, in Europe, of Prof. Lovering. Six ad- 
ditional members of the Standing Committee were elected by 
ballot, according to the requirement of Rule 4 of the Consti- 
tion. The names of those chosen are printed elsewheie with 
the names of the other members of that committee. 
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Later in the session the Association voted to hold its next 
meeting at Troy, N. Y., beginning on Wednesday, August 3, 
1870. The officers elected for the next meeting are : — 

Prof. William Chauvenet, of St. Louis, President; T. S. 
Hunt, Esq., of Montreal, Vice-President ; Prof. C. F. Hartt, 
of Ithaca, General Secretary; Dr. A. L. Elwyn, of Philadel- 
phia, Treasurer . Prof. Joseph Lovering was elected Perma- 
nent Secretary for another term of two years commencing with 
the Troy Meeting. 

On the afternoon of Wednesday, August 18, the members of 
the Association were present, by invitation, at the dedication 
of the Peabody Academy of Science. On Friday evening, 
August 20, the address of Dr. B. A. Gould, the retiring Presi- 
dent, was given in the Tabernacle Church. There was a gen- 
eral session at Lyceum Hall on Thursday evening, to witness 
some physiological experiments by Dr. J. B. Upham and 
others. 

Many of the members in attendance upon this meeting ac- 
cepted the private hospitality, generously offered by families 
in the city of Salem. On Saturday, August 21, by invitation 
of the City Council of Salem, the American Association for 
the Advancement of Science enjoyed an excursion in the bay 
on board the steamer Escort, which was gaily decorated for the 
occasion. The boat, with a company of between four and five 
hundred ladies and gentlemen on board, proceeded to Minot’s 
Light and afterwards to Fort Warren. Major McConnell, the 
officer of the day, received the excursionists, who, headed by 
Mayors Cogswell of Salem and Shurtleff of Boston, entered 
the fortress gate, marching to the music of the accompanying 
band. After spending a short time in viewing the various 
objects of interest in and about the fort, they reembarkejl and 
proceeded to Nahant; where a dinner, provided by the city 
authorities of Salem, was eaten in the Maolis Garden. At 
four o’clock the steamer was again taken and, after a very 
pleasant sail along the Gloucester, Manchester, and Beverly 
shores, the party returned to Salem. 

On different evenings of the session, receptions were given 
by W. C. Endicott, Esq., Mrs. Walcott, Dr. G. B. Loring, and 
the Salem Board of Trade. 
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RESOLUTIONS ADOPTED. 

Resolved , That a committee be appointed to act as the 
correspondents of the various local committees, and assist 
them in making arrangements with the different railroads 
throughout the country for the transportation of the members 
of the Association to and from the meeting. 

Resolved , That a request be addressed by the President of 
the Association to the Secretary of State of the United States, 
asking for the influence of the State Department, with the civil 
authorities of Paraguay, to procure the restoration of the 
manuscripts of Mr. Porter C. Bliss, relating to the Indian 
languages of South American, of which he was deprived by 
order of President Lopez, and which are now supposed to be 
in his custody. • 

The following resolution from the Subsection of Archaeology 
and Ethnology was approved by the Association. 

Resolved . 1. As the sense of the Subsection of Archaeology 

and Ethnology that explorations for the collection of remains 
of Aboriginal Art are essential to progress, and that the Sec- 
tion takes this method and occasion to express their interest in, 
and commendation of, the proposed expedition of Mr. McNiel 
to Nicaragua. 2. That a copy of this resolution be presented 
to Mr. McNiel. 

Resolutions relating to an International Statistical Con- 
gress. 

Whereas This Association has been informed that a sug- 
gestion has been made on the part of some of the foreign 
members of the International Statistical Congress in favor of 
holding one of its sessions in the United States : — 

Resolved , That the members of this Association hereby ex- 
press their cordial approval of this suggestion, and their de- 
sire that the International Statistical Congress may decide to 
make the United States its place of meeting at an early day. 

Resolved , That an attested copy of these resolutions be for 
warded to the presiding officer of the International Statistical 
Congress, soon to be held at the Hague, in the Netherlands, 
and to the delegate representing the United States in said 
Congress. 
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Resolution in regard to the sale of Proceedings. 

Resolved , That the proceeds of all future sales of Proceed- 
ings of the Association be reserved and invested by the 
Treasurer, to form, together with any donations for the pur- 
pose, the nucleus of a special fund, the interest of which may, 
at some future time, be devoted to scientific researches under 
the direction of the Association. 


VOTES OF THANKS. 

Resolved , That the thanks of this Association be tendered 
to the Commissioners of Essex County for the use of their 
admirably arranged rooms in the Old and New Court Houses 
in Salem. 

Resolved, That the thanks of this Association are due to 
the Local Committee, who, by their assiduity in providing for 
our reception and accommodation, have rendered this session 
one of unusual enjoyment and long to be remembered. 

Resolved , That the hearty thanks of this Association be 
presented to the citizens of Salem, who have so kindly and 
hospitably entertained the members, during the present Ses- 
sion. 

Resolved, That the thanks of the Association are especially 
due to the Essex Institute, to the Trustees of the Peabody 
Academy of Sciences, and to the Board of Trade of the City 
of Salem, for their untiring exertions in providing for the ac- 
commodation of the meetings of the Association and facilita- 
ing the transaction of its business. 

Resolved, That the thanks of the Association are due, and are 
most respectfully offered, to the ladies of Salem, who have so 
kindly and hospitably taken charge of the refreshment tables, 
which have been daily spread for our welfare. 

Resolved, That the thanks of the Association be tendered to 
the Proprietors of the Tabernacle Church, for the use of their 
church and vestry during the present session. 

Resolved , That the sincere thanks of the Association are 
hereby tendered to the Athenaeum of Salem, to the Museum of 
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Comparative Anatomy at Cambridge, to the Authorities of 
Boston, to the Massachusetts Institute of Technology, to the 
Boston Natural History Society, to the American Academy of 
Arts and Sciences, to the Massachusetts Horticultural Society, 
and to the Boston Music Hall Association, for courtesies shown 
to this Association, and at the same time the Association begs 
to express its regret that, by reason of the press of business, 
it was unable, in all instances, to avail itself of these cour- 
tesies. 

Resolved , That the Association acknowledges its obligation 
to the Directors of the following railroads, and especially of 
the Eastern railroad, for their liberality in granting a reduc- 
tion of fare to the members attending the present session. 


Eastern. 

Boston and Albany. 

Boston and Providence. 

New York, Providence, & Boston. 
Boston and Maine. 

Portland, Saco and Portsmouth. 
Fitchburg. 

Vermont and Massachusetts. 
Vermont Central and Sullivan. 
Connecticut and Passumpsic. 
Boston, Lowell and Nashua. 
Portland and Kennebec. 
Richmond, Fredericksburg and 
Potomac. 

Richmond and Petersburg. 


Virginia and Tennessee South- 
side. 

Norfolk and Petersburg. 

South Carolina. 

Memphis and Charleston. 

North Eastern. 

Illinois Central. 

Great Western. 

Wilmington and Manchester. 
Nashville and Chattanooga. 
Hartford and New Haven. 

Terre Haute and Indianapolis. 
Marietta and Cincinnati.* 
Indianapolis, Cincinnati & Lafay- 
ette. 


A resolution was also passed expressing thanks to the 
Horse Railroad Companies of Salem for courtesies extended to 
the members of the Association. 

A resolution was also passed expressing high appreciation 
and commendation by the Association of the Peabody Acad- 
emy of Science in Salem. 

Also a resolution, giving a vote of thanks to the Mayor and 
City Council of Salem, for the Excursion on Saturday, the 21st 
of August. 
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REPORT OP THE PERMANENT SECRETARY. 

This report relates to those transactions of business which 
belong to the interval between the first day of the Chicago 
meeting [August 5, 1868] and the first day of the Salem meet- 
ing [August 18, 1869]. 

During my absence in Europe, the details of my office have 
received prompt attention, as heretofore. The Chicago vol- 
ume has been printed under the direction of Mr. F. W. Putnam, 
the Director of the Peabody Academy of Science, and dis- 
tributed by my assistant, Mr. J. W. Harris. Circulars were 
sent to those members of the Association who were indebted 
to it for assessments, and the collection of money, in response 
to these circulars, has been considerable, although many are 
still largely in arrears. 

The financial condition of the Association is as follows : — 
Between August 5, 1868, and August 18, 1869, the income 
of the Association was three thousand and eleven dollars and 
thirty cents ($3 011.30). 

Of this amount, one hundred and eleven dollars accrued 
from the sale of the printed Proceedings, and the remainder 
from the admission fee and the annual assessments. 

The expenses of the Association, during the same interval, 
amounted to nineteen hundred and fifty-one dollars and 
seventy-seven cents ($1951.77), which may be apportioned 
thus: — 

Cost of paper, printing, and binding, for the 
volume of Chicago Proceedings, and expense 
of its distribution, . . . . . $1 243.04 

Charges connected with the Chicago meeting, . $144.35 

Salary of the Permanent Secretary, five hun- 
dred dollars, $500.00 

Circulars, postage, stationery, express, . . * $64.38 

The particular items may be found in the cash account of 
the Secretary, which is herewith submitted as a part of his 
report. The balance in the Treasury of the Association on 
August 18, 1869, is twelve hundred and twenty-five dollars and 
nine cents ($1 225.09). Joseph LoVEBINQ) 

Permanent Secretary . 

Salem, August 18, 1869. 
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CASH ACCOUNT OF THE 

Dr. American Association in 

J. W. Harris’s bill as clerk, $60.85 

Stowell’s bill for copying, 2.00 

Janitor at Chicago, 1.50 

Postage Stamps, 9.00 

Freight to the Smithsonian Institution, .... 3.60 

Binding Cash Book, 1.00 

Printing Circulars, 5.00 

Box to and from Chicago, 10.79 

Envelopes, 1.38 

F. W. Putnam, for postage, 12.21 

Guests’ bill for reporting, 5.00 

Adams’ bill for binding Proceedings, .... 84.78 

Postage stamps, 16.00 

Carter, for paper and envelopes, .... 3.00 

Ripley, for printing circulars, 6.00 

Salary of the Permanent Secretary, .... 500.00 
Paper and printing for the Chicago Proceedings, . 1,153.21 

Box of Proceedings to Washington, . . . .1.45 

Attendance at the Chicago meeting, . . . 75.00 


1,951.77 

Balance to next account, .... 1,225.09 


3,176.86 
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PERMANENT SECRETARY. Cr. 

Account with Joseph Lovering. 

Balance from last account, 4 $165.56 

Assessments (from No. 1 to No. 451 of Cash Books) 
including the sale of Proceedings, . . • 3,011.30 


3,176.86 


♦This wu erroneously printed, in the last volume, as $150.56. 
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List of European Institutions to which Copies of Volume XVII. 
of the Proceedings of the American Association were distrib- 
uted by the Permanent Secretary in 1869. 

Stockholm , — Kongliga Svenska Vetenskaps Akademien. 
Copenhagen, — Kongel. danske Vidensk. Selskab. 

Moscow , — Soci6t6 Imp6riale des Naturalistes. 

St. Petersburg , — Academie Imp6riale des Sciences. 

“ 44 Kais. Russ. Mineralogische Gesellschaft. 

44 * 44 Observatoire Physique Centrale de Russie. 

PuUcowa , — Observatoire Imperiale. 

Amsterdam, — Academie Royale des Sciences. 

44 Genootschap Natura Artis Magistra. 

u Zoological Garden. 

Haarlem, — Hollandsche Maatschappij der Wettenschappen. 
Leyden , — Mus6e d’Histoire Naturelle. 

AUenburg, — Naturforschende Gesellschaft. 

Berlin, — K. P. Akademie der Wissenschaften. 

44 Gesellschaft fur Erdkunde. 

Bonn, — Naturhist. Verein der Preussisch. Rheinlandes, &c. 
Breslau, — K. L. C. Akademie der Naturforscher. 

Dresden, — K. L. C. Deutsche Akademie der Naturforscher. 
Franckfurt , — Senckenbergische Naturforschende Gesellschaft. 
Freiburg, — Koniglich-Sachsische Bergakademie. 

Gottingen, — Konigl, Gesellschaft der Wissenschaften. 
Hamburg, — N aturwissenschaftlicher V erein. 

Hannover, — Die Naturhistorische Gesellschaft. [en. 

Leipsic, — Koniglich Sachsische Gesellschaft der Wissenschaft- 
Munich, — K. B. Akademie der Wissenschaften. 

Prog, — K. Bohm. Gesellschaft der Wissenschaften. 

Stuttgart, — Verein fur Vaterlandische Naturkunde. 

Vienna, — K. Akademie der Wissenschaften. 

44 K. K. Geographischen Gresellschaft. 

44 Geologischen Reichsanstalt. 

Wurttemburg, — Der Verein fur Vaterlandische Naturkunde. 
Basel, — N aturforschende Gesellschaft. 

Bern, — Allgemeine Schweizerische Gesellschaft. 

. 44 Naturforschende Gesellschaft. 
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Geneve , — SociSte de Physique et d'Histoire Naturelle. 
Neuchatd , — Society des Sciences Naturelles. 

Bruxelles , — Acad6mie Royale des Sciences, &c. 

Cherbourg, — Society Acad6mique. 

Dijon, — Academic des Sciences, &c. 

Liege, — Soci6t6 Royale des Sciences. [Arts. 

Lille, — Soci6te Nationale des Sciences, de r Agriculture, et des 
Montpellier, — Acad6mic des Sciences et Lettres.* 

Paris, — Institut de France. 
u Soci6t6 Philomatique. 

u Soci6t6 M6teorologique de France. 

Turin , — Accademia Reale delle Scienzie. 

Madrid, — Real Academia de Ciencias. 

Cambridge , — Cambridge Philosophical Society. 

Dublin , — Royal Irish Academy. 

Edinburgh , — Royal Society. 

London , — Board of Admiralty. 

“ East India Company. 

u Museum of Practical Geology. 

“ Royal Society. 

u Royal Astronomical Society. 

“ Royal Geographical Society. 

Manchester, — Literary and Philosophical Society. 

Batavia , — Society des Arts et des Sciences. 

♦Also Volumes XV. andXVL 
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Professor John Torrey, from the committee on Weights and 
Measures, reported and recommended the following resolution, 
which was adopted : 

Resolved , That this Association cordially approves the pro- 
posed adaptation of American coinage to the metric system, by 
making the value of the dollar precisely that of one and a half 
grains of fine gold : — seeing in this a new step toward the 
promotion of fraternity among nations, by the unification of 
weights, measures, and coinage, inasmuch as all monetary 
units which have simple relations to the grains must have sim- 
ple relations to each other. 

Prof. L. Agassiz, from the committee on the Jubilaeum of 
Ehrenberg, reported that the duties assigned to the committee 
were completed. The report was accepted and the committee 
discharged. 

Dr. B. A. Gould, from the committee on the star Eta Argus, 
reported that the duties assigned to this committee were com- 
pleted, and the committee was discharged. 


Report ok the Microscopes and Microscopical Apparatus, ex- 
hibited AT THE MEETING OF THE AMERICAN ASSOCIATION FOR 
the Advancement of Science, at Salem, Mass., August, 1869. 

The local committee having determined to provide suitable 
rooms for an exhibition of MicroscQpes at the Salem meeting 
of the American Association for the Advancement of Science, 
a sub-committee was appointed to take charge of the exhibi- 
tion. The committee having organized by the choice of Mr. 
James Kimball for chairman, and Mr. Edwin Bicknell as secre- 
tary, it was voted, “That the secretary prepare a suitable 
circular to be sent to all microscopists and others interested 
in the use of the microscope and in obedience to the vote 
of the sub-committee, the following circular was prepared. 
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A. A. A. S. 

Special Circular to Persons Interested in the Use of the Mi - 
croscope . — In making arrangements for the meeting of the 
American Association for the Advancement of Science, to be 
held at Salem, commencing at 10 A. M., August 18th, 1869, 
the Local Committee, in order to give encouragement to die 
general and increasing interest in the use of the Microscope, 
have decided to furnish rooms for the display and comparison 
of Microscopes, Objectives, Accessory Apparatus of all kinds, 
Test Objects, and Objects of Scientific and Popular interest. 

It is intended to have as complete a collection as possible 
of instruments of both American and Foreign Manufacture. 
Those who are possessed of Microscope stands, Objectives, or 
Accessory Apparatus in any way remarkable for excellence 
of performance or design, are requested to bring them to the 
meeting. 

The objects of this exhibition will be to assist the progress 
of scientific research, by social intercourse and a full compar- 
ison and discussion of whatever is new and important in micro- 
scopical investigation, and to encourage the manufacture and 
use of this valuable instrument. 

Arrangements have been made to give ample opportunity 
for the use of the Microscopes both day and evening. A safe 
place has been secured for the deposit of instruments sent 
beforehand to the care of Mr. Bicknell, or brought by visitors 
who do not wish to keep them in their own possession. 

A sub-committee has been appointed by the local committee 
to make the necessary arrangements. Farther information 
relating to the subject can be had by addressing 

EDWIN BICKNELL, 

Sec*y of the Sub-committee, 

Peabody Academy of Soexgk. 

BAUDC, MASS. 

Salem, May 29, 1869. 

This circular was sent, with the circular of the local commit- 
tee, to the members of the Association, and to all others inter- 
ested in the use of the microscope, as far as we were able to 
ascertain their addresses. 

The distribution of this circular resulted in a gathering of 
twenty-five or more microscopes of different classes, including 
four quite old, and interesting on that account, and two not 
quite as old, the rest being of modern construction. Before 
giving a description of the modern microscopes, I shall briefly 
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describe the old ones, and would here state that the old micro- 
scopes were shown in comparison with the modern ones in 
order to give the beholder a nearly correct idea of the im- 
provements which have been made from time to time in the 
construction of microscopes, and to show the wonderful pro- 
gress which has been made, particularly in objectives. 

The oldest microscope is after the pattern described in 1694, 
by Hartsoeker, a Dutchman, but there is no certainty that 
this one was made by him. It is about two and a half inches 
long, and is held up to the eye to view the object, and has 
a condensing lens in the end opposite the eye. The object 
is placed between the eye lens and the condensing lens, by 
which it is adapted only for transparent objects. It is pro- 
vided with six eye-glasses. 

The next is a microscope made by G. F. Brander, in Augs- 
burg, Germany, and is described in 1769. It is on a stand, by 
which it can be used either vertically, inclined, or in a horizon- 
tal position ; it can be used as a simple or compound micro- 
scope, and with transparent or opaque objects. It has eight 
object-glasses, two of them provided with Lieberkuhns, and 
has a compound body, which, being removed, converts it into a 
simple microscope, similar to the one first described. It has 
a R&msden’s eye-piece mounted in wood. 

The above mentioned microscopes belong to Dr. William 
Wood of Portland, Maine. 

The next is a Lieuwenhoek microscope made by G. Adams 
of London, about 1750, bought by D. Van der Weyde, A. M., 
in Amsterdam, in 1763. It is now owned by P. H. Van der 
Weyde of New York. In this microscope there are six eye- 
glasses set in a reyolving plate, so that each eye-glass can be 
brought in succession over the object, thus saving the trouble 
of unscrewing. 

The next is a compound microscope, made by Charles Lin- 
coln, 62 Leadenhall street, London, in 1770, and is owned by 
Dr. G. A. Perkins, of Salem. This is vertical, and stands 
on three scrolls and has eight object glasses with one eye-piece 
of the Ramsden pattern. 

This concludes the notice of the old instruments. 

The remaining instruments were of modern construction. 

A. A. A. S. VOL. XVm. 89 
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The next is by Clarke of London, is owned by the Essex 
Institute, Salem, was made about 1830, and was a complete 
instrument in its day. 

The next is Andrew Pritchard's large microscope, made 
about 1840, also owned by the Essex Institute, and was the 
best of its period, having a full set of objectives and acces- 
sories. 

Prof. Edward W. Morley of the Western Reserve College, 
exhibited a large and beautiftil stand made by Thomas Ross. 
This has three eye-pieces, a Troughton & Sims’ cobweb mi- 
crometer and goniometer, and other accessories. 

Dr. D. H. Briggs of Norton, Mass., exhibited a first class 
Smith & Beck binocular with a complete series of objectives 
and accessory apparatus. 

Benjamin Webb, Jr., of Salem, Mass., exhibited a first class 
Smith & Beck binocular with a complete outfit of objectives 
from three inch to one-fifteenth, by Smith & Beck, Spencer, 
and Wales ; also a complete set of accessory apparatus. 

Prof. J. Baker Edwards of Montreal, Canada, exhibited a first 
class binocular made by Pillischer of London, with a complete 
outfit of accessory apparatus and objectives by Smith & Beck 
and Andrew Ross. Prof. Edwards also exhibited a Sorby & 
Browning micro-spectroscope. 

Dr. R. H. Ward of Troy, New York, exhibited a first class 
binocular by Crouch of London, with “Collins’ graduating 
diaphragm,” and “ Crouch’s universal parabolic illuminator.” 

Prof. B. Silliman of New Haven, exhibited a first class mi- 
croscope by J. Grunow of New York, with goniometer eye- 
piece and objectives by Grunow, Wales, and Tolies. 

Dr. P. H. Van der Weyde of New York city, exhibited a 
microscope made by Andrew Ross, which had a very ingenious 
arrangement of his own for converting it into an inverted 
microscope for chemical use. 

Mr. Charles Stodder of Boston, Mass., exhibited a first class 
microscope made by the Boston Optical Works, which was a 
very fine instrument. It had a very thin stage which revolved 
on the optical centre of the instrument, making it very usefhl 
for certain purposes. 

Mr. Alpheus Hyatt of Salem, Mass., exhibited a first class 
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microscope made by Joseph Zentmayer of Philadelphia. With 
this was exhibited a full assortment of accessory apparatus of 
Mr. Zentmayer’s make. 

Mr. Edwin Bicknell also exhibited a first class microscope 
by Zentmayer, objectives by Tolies and Wales. Tolies* solid 
D. and E. eye-pieces, Tolies’ amplifier, and one-fourth inch ob- 
jective with Tolies’ new illuminator for opaque objects. 

A very large, and in its time complete microscope, made by 
Chevalier of Paris, was exhibited by Mr. Chamberlain of Bos- 
ton, Mass. In addition to the objectives furnished by Chev- 
alier, it had objectives by Andrew Ross, and Andrew Pritchard. 

Mr. E. Bicknell exhibited a Zentmayer’s “Army Hospital 
Microscope.” This is admirably adapted to the use of the 
physician and student. 

Mr. Charles Stodder exhibited four student’s microscopes 
from the Boston Optical Works, the stands of the same pat- 
tern, but with different kinds of adjustment for focus, and 
different stage arrangements. Mr. Stodder also exhibited the 
new “Clinical” and “Seaside” microscope, of the pattern 
recommended by Dr. Cutter of Boston. This can be trans- 
formed into a fine pocket telescope by having a suitable object- 
glass adapted to it. 

Prof. A. M. Edwards of New York, exhibited a student’s 
microscope made by F. Miller & Brother of New York. This 
has one eye-piece and a dividing objective, thus giving two 
powers, and is famished at a low cost. 

Mr. F. G. Sanborn of Boston, exhibited a Murray & Heath 
sea-side microscope, which was a very neat instrument. 

Mr. C. G. Bush of Boston, exhibited a Smith & Beck stu- 
dents microscope, with Smith & Beck’s and Tolies’ objectives. 

Mr. A. H. Tuttle of Platteville, Wisconsin, exhibited a neat 
stand for a “ dissecting microscope,” in which the stand and 
arm-rests are made to fold into a very small compass. 

Several immerson objectives were exhibited, including a 
A? i? by Tolies, two by Wales, and No. 10 and No. 
12 by Hartnack of Paris. Mr. Tolies has recently constructed 
some immersion objectives for the use of the physician, for the 
examination of blood, pus, sputum, urinary deposits, &c. In 
these objectives the substance to be examined is placed upon 
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the front lens of the objective and covered with a piece of thin 
glass, which is kept in place by capillary attraction. The 
focus is obtained by the use of the “ cover adjustment.” This 
objective applied to the “ clinical microscope,” before described, 
is a very useful instrument for the medical practitioner. 

Mr. Tolies has also recently made several objectives of long 
focal distance on the immersion principle, which are admirably 
adapted to viewing objects in aquaria, or for dissecting under 
water. One shown by Mr. Bicknell had a power equal to an 
ordinary objective of £ inch focal distance, and with a working 
distance of an inch. This objective showed well the circular 
tion of cell contents in the Nitella. 

Two objectives made by Mr. Tolies of and £ inch respect- 
ively, were provided with his “ illuminator for opaque objects,” 
which is a glass prism set in the mounting of the objective 
between the front and middle combinations, so that the light is 
thrown down through the front lens upon the object, and so far 
as tested they have worked very well indeed, showing the 
object without glare or fog and with plenty of illumination ; the 
l being constructed upon the immersion principle, could be 
used upon a covered object with perfect results. 

Mr. E. Bicknell exbihited a very neat apparatus for cutting 
sections of wood, &c. ; also a new graduating diaphragm, both 
made by Mr. Zentmayer of Philadelphia. 

EDWIN BICKNELL, 
Secretary of Sub-section of Microscopy . 
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CONSTITUTION OF THE ASSOCIATION.* 


OBJECTS. 

The Association shall be called The American Association 
fob the Advancement of Science. 

The objects of the Association are, by periodical and migratory 
meetings, to promote intercourse between those who are cultivat- 
ing seience in different parts of the United States, to give a 
stronger and more general impulse and a more systematic direc- 
tion to scientific research in our country, and to procure for the 
labors of scientific men increased facilities and a wider useful- 
ness. 


members. 

Rule 1 . Any person may become a member of the Associa- 
tion upon recommendation in writing by two members, nomination 
by the Standing Committee, and election by a majority of the 
members present. 


OFFICERS. 

Rule 2. The officers of the Association shall be a President, 
Vice-President, General Secretary, Permanent Secretary, and 
Treasurer. The President, Vice-President, General Secretary, 
and Treasurer shall be elected at each meeting for the following 
one ; — the three first named officers not to be re-eligible for the 
next two meetings, and the Treasurer to be re-eligible as long as 
the Association may desire. The Permanent Secretary shall be 
elected at each second meeting, and also be re-eligible as long as 
the Association may desire. 

* Adopted August 26, 1866, and ordered to go into effect at the opening of 
the Montreal Meeting. Amended at Burlington, August, 1867, and at Chicago, 
August, 1868. 

(XV) 
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CONSTITUTION 


MEETINGS. ■ 

Rule 3. The Association shall me*t, at such intervals as it 
may determine, for one week* or longer, — the time and place of 
each meeting being determined by a vote of the Association at 
the previous meeting; and the arrangements for it shall be in- 
trusted to the officers and the Local Committee. 


STANDING COMMITTEE. 

Rule 4. There shall be a Standing Committee, to consist of 
the President, Vice-President, Secretaries, and Treasurer of the 
Association, the officers of the preceding year, the permanent 
Chairman of the Sectional Committees, after these shall have been 
organized, and six members present from the Association at large, 
who shall have attended any of the previous meetings, to be 
elected upon open nomination by ballot on the first assembling of 
the Association. A majority of the 'whole number of votes cast, 
to elect. The General Secretary shall be Secretary of the Stand- 
ing Committee. 

The duties of the Standing Committee shall be, — 

1. To assign papers to the respective sections. 

2. To arrange the scientific business of the general meetings, 
to suggest topics, and arrange the programmes for the evening 
meetings. 

3. To suggest to the Association the place and time of the 
next meeting. 

4. To examine, and, if necessary, to exclude papers. . 

5. To suggest to the Association subjects for scientific reports 
and researches. 

6. To appoint the Local Committee. 

7. To have the general direction of publications. 

8. To manage any other general business of the Association 
during the session, and during the interval between it and the 
next meeting. 

9. In conjunction with four from each Section, to be elected 
by the Sections for the purpose, to make nominations of officers of 
the Association for the following meeting. 

10. To nominate persons for admission to membership. 

11. Before adjourning, to decide which papers, discussions, or 
other proceedings shall be published. 
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XVII 


SECTIONS. 

Rule 5. The Association shall be divided into twt> Sections, 
and as many sub-sections as may be necessary for the scientific 
business. When not otherwise ordered the sub-sections shall be 
as follows: Section A. (1) Mathematics and Astronomy; (2) 
Physics and Chemistry ; (3) Microscopy. Section B. — (1) Zo- 
ology and Botany; (2) Geology and Palaeontology; (3) Eth- 
nology and Archaeology. The two Sections may meet as one. 

SECTIONAL OFFICERS AND COMMITTEES. 

Rule 6. On the first assembling of the Section, the members 
shall elect upon open nomination a permanent Chairman and Sec- 
retary, also three other members, to constitute, with these officers, 
a Sectional Committee. 

The Section shall appoint, from day to day, a Chairman to pre- 
side over its meetings. 

Rule 7. It shall be the duty of the Sectional Committee of 
each Section to arrange and direct the proceedings in their Sec- 
tion ; to ascertain what communications are offered ; to assign the 
order in which these communications shall appear, and the amount 
of time which each shall occupy. 

The Sectional Committees may likewise recommend subjects for 
systematic investigation by members willing to undertake the re- 
searches, and to present their results at the next meeting. 

The Sectional Committee may likewise recommend reports on 
particular topics and departments of science, to be drawn up as 
occasion permits, by competent persons, and presented at subse- 
quent meetings. 


REPORTS OF PROCEEDINGS. 

Rule 8. Whenever practicable the proceedings shall be re- 
ported by professional reporters, or stenographers, whose reports 
are to be revised by the Secretaries before they appear in print. 

PAPERS AND COMMUNICATIONS. 

Rule 9. No paper shall be placed in the programme, unless 
admitted by the Sectional Committee ; nor shall any be read, un- 
less an abstract of it has been previously presented to the Secre- 
tary of the Section, who shall furnish to the Chairman the titles of 
papers, of which abstracts have been received. 

A. A. A. S. VOL. XIX. C 
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Rule 10. The author of any paper or communication shall be 
at liberty fo retain his right of property therein, provided he de- 
clare such to be his wish before presenting it to the Associa- 
tion. 

Rule 11. Copies of all communications, made either to the 
General Association or to the Sections, must be furnished by the 
authors; otherwise only the titles, or abstracts, shall appear in 
the published proceedings. 

Rule 12. All papers, either at the general or in the sectional 
meetings, shall be read, as far as practicable, in the order in which 
they are entered upon the books of the Association ; except that 
those which may be entered by a member of the Standing Com- 
mittee of the Association shall be liable to postponement by the 
proper Sectional Committee. 

Rule 13. If any communication be not ready at the assigned 
time, it shall be dropped to the bottom of the list, and shall 
not be entitled to take precedence of any subsequent communica- 
tion. 

Rule 14. No exchanges shall be made between members with- 
out authority of the respective Sectional Committees. 

GENERAL AND EVENING MEETINGS. 

Rule 15. The Standing Committee shall appoint any general 
meeting which the objects and interests of the Association may 
call for, and the evenings shall, as a rule, be reserved for general 
meetings of the Association. 

These general meetings may, when convened for that purpose, 
give their attention to any topics of science which would other- 
wise come before the Sections. 

It shall be a part of the business of these general meetings to 
receive the Address of the President of the last meeting; to 
hear such reports on scientific subjects as, from their general im- 
portance and interests, the Standing Committee shall select ; also, 
to receive from the Chairman of the Sections abstracts of the pro- 
ceedings of their respective Sections ; and to listen to communi- 
cations and lectures explanatory of new and important discoveries 
and researches in science, and new inventions and processes in the 
arts. 
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ORDER OF PROCEEDINGS IN ORGANIZING A MEETING. 

Rule 16. The Association shall be called to order by the 
President of the preceding meeting ; and this officer having ^re- 
signed the chair to the President elect, the General Secretary 
shall then report the number of papers relating to each depart- 
ment which have been registered, and the Association consider the 
most eligible distribution into Sections, when it shall proceed to 
the election of the additional members of the Standing Committee 
in the manner before described ; the meeting shall then adjourn, 
and the Standing Committee, having divided the Association into 
Sections as directed, shall allot to each its place of meeting for 
the Session. The Sections shall then organize by electing their 
officers and their representatives in the Nominating Committee, 
and shall proceed to business. 


PERMANENT SECRETARY. 

Rule 17. It shall be the duty of the Permanent Secretary 
to notify members who are in arrears, to provide the necessary 
stationery and suitable books for the list of members and titles of 
papers, minutes of the general and sectional meetings, and for 
other purposes indicated in the rules, and to execute such other 
duties as may be directed by the Standing Committee or by the 
Association. 

The Permanent Secretary shall make a report annually to the 
Standing Committee, at its first meeting, to be laid before the 
Association, of the business of which he has had charge since its 
last meeting. 

All members are particularly desired to forward to the Perma- 
nent Secretary, so as to be received before the day appointed for 
the Association to convene, complete titles of all the papers which 
they expect to present during its meeting, with an estimate of the 
time required for reading each, and such abstracts of their con- 
tents as may give a general idea df their nature. 

Whenever the Permanent Secretary notices any error of fact 
or unnecessary repetition, or any other important defect in the 
papers communicated for publication in the proceedings of the 
Association, he is authorized to commit the same to the author, 
or to the proper sub-committee of the Standing Committee for 
correction. 
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LOCAL COMMITTEE. 

Rule 18. The Local Committee shall be appointed from among 
members residing at, or near, the place of meeting for the ensuing 
year; and it shall be the duty of the Local Committee, assisted by 
the officers, to make arrangements and the necessary announce- 
ments for the meeting. 

The Secretary of the Local Committee shall issue a circular in 
regard to the time and place of meetings, and other particulars, at 
least one month before each meeting. 

SUBSCRIPTIONS. 

Rule 19. The amount of the subscription, at each meeting, of 
each member of the Association, shall be two dollars, and one dol- 
lar in addition shall entitle him to a copy of the proceedings of 
the annual meeting. These subscriptions shall be received by the 
Permanent Secretary, who shall pay them over, after the meeting, 
to the Treasurer. 

The admission fee of new members shall be five dollars, in 
addition to the annual subscription ; and no person shall be con- 
sidered a member of the Association until this admission fee and 
the subscription for the meeting at which he is elected have been 
paid. 

Rule 20. The names of all persons two years in arrears for 
annual dues shall be erased from the list of members ; provided 
that two notices of indebtedness, at an interval of at least three 
months, shall have been previously given. 

ACCOUNTS. 

Rule 21. The accounts of the Association shall be audited, 
annually, by auditors appointed at each meeting. 

ALTERATIONS OF THE CONSTITUTION. 

Rule 22. No article of this Constitution shall be altered, or 
amended, or set aside, without the concurrence of three-fourths of 
the members present, and unless notice of the proposed change 
shall have been given at the preceding annual meeting.* 

* See page xxii. 
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RESOLUTIONS 


OP A PERMANENT AND PROSPECTIVE CHARACTER, ADOPTED 
AUGUST 19, 1867. 


1. No appointment may be made in behalf of the Association, 
and no invitation given or accepted, except by vote of the Asso- 
ciation or its Standing Committee. 

2. The General Secretary shall transmit to the Permanent 
Secretary for the files, within two weeks after the adjournment 
of every meeting, a record of the proceedings of the Association 
and the votes of the Standing Committee. He shall also, daily, 
during the meetings, provide the Chairman of the two Sectional 
Committees with lists of the papers assigned to their Sections by 
the Standing Committee. 

3. All printing for the Association shall be superintended by 
the Permanent Secretary, who is authorized to employ a clerk for 
that especial purpose. 

4. The Permanent Secretary is authorized to put the proceed- 
ings of the meeting to press one month after the adjournment of 
the Association. Papers which have not been received at that 
time may be published only by title. No notice of articles not 
approved shall be taken in the published proceedings. 

5. The Permanent Chairman of the Sections are to be con- 
sidered their organs of communication with the Standing Com- 
mittee. 

6. It shall be the duty of the Secretaries of the two Sections to 
receive copies of the papers read in their Sections, all sub-sections 
included, and to furnish them to the Permanent Secretary at the 
close of the meeting. 

7. The Sectional Committees shall meet not later than 9 aju. 
daily, during the meetings of the Association, to arrange the pro- 
grammes of their respective Sections, including all sub-sections, 

(xxi) 
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PERMANENT RESOLUTIONS. 


for the following day. No paper shall be placed upon these pro- 
grammes which shall not have been assigned to the Section by 
the Standing Committee. The programmes are to be furnished to 
the Permanent Secretary not later than 11 a.m. 

8. During the meetings of the Association, the Standing Com- 
mittee shall meet daily, Sundays excepted, at 9 a.m., and the Sec- 
tions be called to order at 10 a.m., unless otherwise ordered. The 
Standing Committee shall also meet on the evening preceding the 
first assembling of the Association at each annual meeting, to ar- 
range for the business of the first day ; and on this occasion three 
shall form a quorum. 

9. Associate members may be admitted for one, two, or three 
years as they shall choose at the time of admission, — to be elected 
in the same way as permanent members, and to pay the same dues. 
They shall have all the social and scientific privileges of members, 
without taking part in the business. 

10. No member may take part in the organization and business 
arrangement of both the Sections. 


It has been proposed to change Rule (3) of the Constitution so as to read: — 
The Association shall meet, at such intervals as it may determine, for one 
week, or longer ; and the arrangements for it shall be intrusted to the officers 
and the Local Committee. The Standing Committee shall have power to deter- 
mine the time and place of each meeting, and shall give due notice of it to the 
Association. 
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A. 


Abbe, Cleveland, Cincinnati, Ohio (16). 

♦Adams, C. B., Amherst, Massachusetts (1). 

Adams, Edwin F., Charlestown, Massachusetts (18). 
Agassiz, Louis, Cambridge, Massachusetts (1). 
Aiken, W. E. A., Baltimore, Maryland (12). 

Albert, Augustus J., Baltimore, Maryland (12). 
Alexander, Stephen, Princeton, New Jersey (1). 
Allen, Zachariah, Providence, Rhode Island (1). 
Alvord, Benjamin, Omaha, Nebraska (17). 

♦Ames, M. P., Springfield, Massachusetts (1). 
Andrews, Ebenezer, Chicago, Illinois (17). 

Andrews, Edmund, Chicago, Illinois (17). 

Andrews, E. B., Marietta, Ohio (7). 

Andrews, Joseph H., Chicago, Illinois (17). 
•Appleton, Nathan, Boston, Massachusetts (1). 
Atwater, Elizabeth E., Chicago, Illinois (17). 
Atwater, Samuel T., Chicago, Illinois (17). 

Austin, E. P., Cambridge, Massachusetts (18). 


B. 


Babcock, Henry H., Chicago, Illinois (17). 

♦Bache, Alexander D., Washington, District of Columbia (1). 

Bacon, John, Jr., Boston, Massachusetts (1). 

♦Bailey, J. W., West Point, New York (1). 

Bailey, Loring W., Frederickton, New Brunswick (18). 

Baird, Lyman, Chicago, Illinois (17). 

Baird, S. F., Washington, District of Columbia (1). 

Note. — Names of deceased members are marked with an asterisk [•]. The figure 
at the end of each name refers to the meeting at which the election took place. 
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Bannister, Henry M., Washington, District of Columbia (17). 
Bardwell, F. W., Jacksonville, Florida (13). 

Barker, G. F., New Haven, Connecticut (13). 

Barnard, F. A. P., New York, New York (7). 

Barnard, J. G., New York, New York (14). 

Basnett, Thomas, Ottawa, Illinois (8). 

Batchelder, J. M., Cambridge, Massachusetts (8). 

Beaty, John F., Chicago, Illinois (17). 

♦Beck, C. F., Philadelphia, Pennsylvania (1). 

♦Beck, Lewis C., New Brunswick, New Jersey (1). 

♦Beck, T. Romeyn, Albany, New York (1). 

Beebe, G. D., Chicago, Illinois (17). 

♦Bell, Samuel N., Manchester, New Hampshire (7). 

Bickmore, Albert S., New York, New York (17). 

Bicknall, Edwin, Cambridge, Massachusetts (18). 

Bill, Charles, Springfield, Massachusetts (17). 

♦Binney, Amos, Boston, Massachusetts (1). 

♦Binney, John, Boston, Massachusetts (3). 

Blake, Eli W., Ithaca, New York (15). 

Blake, Eli W., New Haven, Connecticut (1). 

Blake, W. P., San Francisco, California (2). 

♦Blanding, William, Rhode Island (1). 

Blaney, J. Van Zandt, Chicago, Illinois (12). 

Blatchford, Eliphalet W., Chicago, Illinois (17). 

Bolles, E. C., Brooklyn, New York (17). 

Bolton, H. C., New York, New York (17). 

♦Bomford, George, Washington, District of Columbia (1). 
Bouvd, Thomas T., Boston, Massachusetts (1). 

Bowditch, Henry L, Boston, Massachusetts (2). 

Bowen, Chauncey W., Chicago, Illinois (17). 

Bradley, Francis, Chicago, Illinois (17). 

Bradley, L., Jersey City, New Jersey (16). 

Brevoort, J. Carson, Brooklyn, New York (1). 

Briggs, A. D., Springfield, Massachusetts (13). 

Briggs, D. H., Norton, Massachusetts (18). 

Briggs, S. A., Chicago, Illinois (17). 

Bross, William, Chicago, Illinois (7). 

Brown, Robert, Jr., Cincinnati, Ohio (11). 

Brush, George J., New Haven, Connecticut (11). 

Bryan, Oliver N., Marshall Hall P. O., Maryland (18). 

Bryan, Thomas B., Chicago, Illinois (17). 

Buchanan, Robert, Cincinnati, Ohio (2). 

Burbank, L. S., Lowell, Massachusetts (18). 

♦Burnap, G. W., Baltimore, Maryland (12). 

♦Burnett, Waldo I., Boston, Massachusetts (1). 

Burroughs, J. C., Chicago, Illinois (17). 

Bushee, James, Worcester, Massachusetts (9). 

Butler, Thomas B., Norwalk, Connecticut (10). 
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c. 

Calhoun, John B., Chicago, Illinois (17). 

Canby, William M., Wilmington, Delaware (17). 
♦Carpenter, Thornton, Camden, South Carolina (7). 
♦Carpenter, William M., New Orleans, Louisiana (1). 
Carter, Asher, Chicago, Illinois (17). 

Case, Leonard, Cleveland, Ohio (15). 

Case, L. B., Richmond, Indiana (17). 

♦Case, William, Cleveland, Ohio (6). 

Caswell, Alexis, Providence, Rhode Island (2). 

Cattell, William C., Easton, Pennsylvania (15). 
Chadbourn, P. A., Madison, Wisconsin (10). 

Chanute, O., Kansas City, Kansas (17). 

Chapman, F. M., Chicago, Illinois (17). 

•Chapman, N., Philadelphia, Pennsylvania (1). 

Chase, George I., Providence, Rhode Island (1). 

♦Chase, S., Dartmouth, New Hampshire (2). 

♦Chauvenet, William, St Louis, Missouri (1). 

Chesbrough, E. S., Chicago, Illinois (2). 

•Clapp, Asahel, New Albany, Indiana (1). 

Clark, John E., Yellow Springs, Ohio (17). 

♦Clark, Joseph, Cincinnati, Ohio (5). 

Clarke, F. W., Boston, Massachusetts (18). 

♦Cleveland, A. B., Cambridge, Massachusetts (2). 

Cochran, D. H., Brooklyn, New York (15). 

Coffin, James H., Easton, Pennsylvania (1). 

Coffin, John H. C., Washington, District of Columbia (1). 
Colbert, E., Chicago, Illinois (17). 

•Cole, Thomas, Salem, Massachusetts (1). 

♦Coleman, Henry, Boston, Massachusetts (1). 

Conkling, Frederick A., New York, New York (11). 
Cooke, C., Salem, Massachusetts (18). 

Cope, Edward D., Philadelphia, Pennsylvania (17). 

Copes, Joseph S., New Orleans, Louisiana (11). 

Corning, Erastus, Albany, New York (6). 

Cramp, J. M., Wolfville, Nova Scotia (11). 

Crosby, Alpheus, Salem, Massachusetts (10). 

Culver, Howard Z., Chicago, Illinois (17). 

Cummings, Joseph, Middletown, Connecticut (13). 

Curtis, Josiah, Boston, Massachusetts (18). 

Cutting, Hiram A., Lunenburg, Vermont (17). 

D. 

Dali, William H., Washington, District of Columbia (18). 
Dairy mple, E. A., Baltimore, Maryland (11). 

Dana, James D., New Haven, Connecticut (1). 

Danforth, Edward, Troy, New York (11). 

Davis, James, Boston, Massachusetts (1). 
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Davis, N. S., Chicago, Illinois (17). 

Dawson, J. W., Montreal, Canada (10). 

♦Dean, Amos, Albany, New York (6). 

Dean, George W., Fall River, Massachusetts (15). 
♦Dearborn, George H. A. S., Roxbury, Massachusetts (1). 
♦Dekay, James E., New York, New York (1). 

Delano, B. L., Boston, Massachusetts (16). 

Delano, Joseph C., New Bedford, Massachusetts (5). 

De Laski, John, Yinalhaven, Maine (18). 

♦Dewey, Chester, Rochester, New York (1). 

Dexter, G. M., Boston, Massachusetts (11). 

Dinwiddie, Robert, New York, New York (1). 

Dixwell, Epes S., Cambridge, Massachusetts (1). 

Doggett, Kate N., Chicago, Illinois (17). 

Doggett, William E., Chicago, Illinois (17). * 

Dorr, E. P., Buffalo, New York (15). 

Drowne, Charles, Troy, New York (6). 

♦Ducatel, J. T., Baltimore, Maryland (1). 

♦Dumont, A. H., Newport, Rhode Island (14). 

♦Duncan, Lucius C., New Orleans, Louisiana (10). 

Duncan, T. C., Chicago, Illinois (17). 

♦Dunn, R. P., Providence, Rhode Island (14). 

Dyer, Elisha, Providence, Rhode Island (9). 

E. 

Easton, Norman, Fall River, Massachusetts (14). 

Eaton, Daniel C., New Haven, Connecticut (13). 

Eaton, James H., Beloit, Wisconsin (17). 

Edwards, A. M., New York, New York (18). 

Edwards, J. B., Montreal, Canada (17). 

Eirnbeck, William, St. Louis, Missouri (17). 

Eliot, Charles W., Cambridge, Massachusetts (14). 

Elliott, Ezekiel B., Washington, District of Columbia (10). 
Elwyn, Alfred L., Philadelphia, Pennsylvania (1). 

Emerson, George B., Boston, Massachusetts (1). 

Emerton, James H., Salem, Massachusetts (18). 
Engleraann, George, St. Louis, Missouri (1). 

Engstrom, A, B., Burlington, New Jersey (1). 

Eustis, Henry L., Cambridge, Massachusetts (2). 

♦Everett, Edward, Boston, Massachusetts (2). 

Ewing, Thomas, Lancaster, Ohio (5). 


F. 


Fairbanks, Henry, Hanover, New Hampshire (14). 
Farmer, Moses G., Salem, Massachusetts (9). 
Farnham, Thomas, Buffalo, New York (15). 
Farrar, Henry W., Chicago, Illinois (17). 

Fellowes, R. S., New Haven, Connnecticut (18). 
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Fenton, William, Troy, New York (18). 

Ferrell, William, Cambridge, Massachusetts (11). 

Ferris, Isaac, New York, New York (6). 

Fenchtwanger, Louis, New York, New York (11). 

Fisher, Davenport, Milwaukie, Wisconsin (17). 

Fisher, Mark, Trenton, New Jersey (10). 

•Fitch, Alexander, Hartford, Connecticut (1). 

Fitch, Edward H., Ashtabula, Ohio (11). 

Fitch, O. H., Ashtabula, Ohio (7). 

•Forbush, E. B., Buffalo, New York (15). 

Foster, Henry, Clifton, New York (17). 

Foster, John, Schenectady, New York (17). 

Foster, J. W., Chicago, Illinois (1). 

•Fox, Charles, Grosse Isle, Michigan (7). 

Frothingham, Frederick, Buflalo, New York (11). 

G. 

Gavit, John E., New York, New York (1). 

•Gay, Martin, Boston, Massachusetts (1). 

•Gibbon, J. H., Charlotte, North Carolina (3). 

Gill, Theodore, Washington, District of Columbia (17). 
•Gillespie, W. M., Schenectady, New York (10). 

Gilman, Daniel C., New Haven, Connecticut (10). 

♦Gilmor, Robert, Baltimore, Maryland (1). 

Goessman, C. A., Amherst, Massachusetts (18). 

Gold, Theodore S., West Cornwall, Connecticut (4). 
•Gould, Augustus A., Boston, Massachusetts (11). 

•Gould, B. A., Boston, Massachusetts (2). 

Gould, B. A., Cambridge, Massachusetts (2). 

•Graham, James D., Washington, District of Columbia (1). 
Gray, Asa, Cambridge, Massachusetts (1). 

•Gray, James H., Springfield, Massachusetts (6). 

Greeley, Samuel S., Chicago, Illinois (17). 

Green, Traill, Easton, Pennsylvania (1). 

•Greene, Benjamin D., Boston, Massachusetts (1). 

Greene, Dascom, Troy, New York (17). 

Greene, Francis C., Easthampton, Massachusetts (11). 
Gregory, J. J. H., Marblehead, Massachusetts (18). 
•Griffith, Robert E., Philadelphia, Pennsylvania (1). 

Grimes, J. S., New York, New York (17). 

Grinnan, A. G., Orange Court House, Virginia (7). 

Grover, Z., Chicago, Illinois (17). 

Guyot, Arnold, Princeton, New Jersey (1). 

II. 

•Hackley, Charles W., New York, New York (4). 

Iladley, George, Buffalo, New York (6). 

Hagen, Hermann A., Cambridge, Massachusetts (17). 
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Haldeman, S. S., Columbia, Pennsylvania (1). 

Hale, Edwin M., Chicago, Illinois (17). 

•Hale, Enoch, Boston, Massachusetts (1). 

Hall, Janies, Albany, New York (1). 

Hall, L. B., Hanover, New Hampshire (18). 

Hall, N. K., Buffalo, New York (7). 

Hambly, J. B., Portsmouth, Rhode Island (18). 

Hamel, Thomas, Quebec, Canada (18). 

Hamlin, A. C., Bangor, Maine (10). 

Hance, Ebenezer, Morrisville, Pennsylvania (7). 

Hanover, M. D., Cincinnati, Ohio (13). 

•Hare, Robert, Philadelphia, Pennsylvania (11). 

•Harlan, Joseph G., Haverford, Pennsylvania (8). 

•Harlan, Richard, Philadelphia, Pennsylvania (1). 

Harris, A. A., Cambridge, Massachusetts (17). 

Harris, James W., Cambridge, Massachusetts (17). 
•Harris, Thaddeus W., Cambridge, Massachusetts (1). 
Harrison, B. F., Wallingford, Connecticut (11). 

•Hart, Simeon, Farmington, Connecticut (1). 

Hartshorne, Henry, Philadelphia, Pennsylvania (12). 
Haven, Joseph, Chicago, Illinois (17). 

Hawkins, B. W., New York, New York (17). 

•Hayden,- H. H., Baltimore, Maryland (1). 

Hayes, George E., Buffalo, New York (15). 

•Hayward, James, Boston, Massachusetts (1). 

Henry, Joseph, Washington, District of Columbia (1). 
Herzer, W., Columbus, Ohio (15). 

Hickcox, S. Y. R., Chicago, Illinois (17). 

^Hilgard, Eugene W., Oxford, Mississippi (11). 

Hilgard, Julius E., Washington, District of Columbia (4). 
Hilgard, Theodore C., St. Louis, Missouri (17). 

Hill, S. W., Hancock, Lake Superior (6). 

Hill, Thomas, Waltham, Massachusetts (3). 

Hinrichs, Gustavus, Iowa City, Iowa (17). 

Hitchcock, Charles H., Hanover, New Hampshire (11). 
•Hitchcock, Edward, Amherst, Massachusetts (1). 
Hitchcock, Edward, Amherst, Massachusetts (4). 

Hitt, Isaac R., Chicago, Illinois (17). 

Iloadley, E. S., Springfield, Massachusetts (13). 

Holbrook, J. E., Charleston, South Carolina (1). 

Holmes, E. L., Chicago, Illinois (17). 

Homes, Henry A., Albany, New York (11). 

Horsford, E. N., Cambridge, Massachusetts (1). 

•Horton, William, Craigville, New York (1). 

Hough, Franklin B., Lowville, New York (4). 

Hough, G. W., Albany, New York (15). 

•Houghton, Douglas, Detroit, Michigan (1). 

Howell, Robert, Nichols, New York (b). 

Hoy, Philo R., Racine, Wisconsin (17). 

Hubbard, Gurdon S., Chicago, Illinois (17). 
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Hubbard, Oliver P., New Haven, Connecticut (1). 

Hubbard, Sara A., Kalamazoo, Michigan (17). 

♦Hubbert, James, Richmond, Province of Quebec (16). 
Humphrey, D., Lawrence, Massachusetts (18). 

Hunt, Charles S., New York, New York (17). 

•Hunt, E. B., Washington, District of Columbia (2). 

♦Hunt, Freeman, New York, New York (11). 

Hunt, George, Providence, Rhode Island (9). 

Hunt, T. Sterry, Montreal, Canada (1). 

Hyatt, Alpheus, Salem, Massachusetts (18). 

Hyatt, James, Bangall, New York (10). 

I. 

♦Ives, Thomas P., Providence, Rhode Island (10). 

J. 

Jenks, J. W. P., Middleboro\ Massachusetts (2). 

Jillson, B. C., Nashville, Tennessee (14). 

♦Johnson, W. R., Washington, District of Columbia (1). 
Johnston, John, Middletown, Connecticut (1). 

♦Jones, Catesby A. R., Washington, District of Columbia (8). 
Joy, C. A., New York, New York (8). 

Judd, Orange, New York, New York (4). 

K. 

Kedzie, J. II., Chicago, Illinois (17). 

Iveely, G. W., Waterville, Maine (1). 

Keep, N. C., Boston, Massachusetts (13). 

Kerr, W. C., Raleigh, North Carolina (10). 

Kimball, J. P., New York, New York (15). 

King, Mary B. A., Rochester, New York (15). 

Kirkpatrick, James A., Philadelphia, Pennsylvania (7). 
Kirkwood, Daniel, Bloomington, Indiana (7). 

Klippart, John II., Columbus, Ohio (17). 

Knickerbocker, Charles, Chicago, Illinois (17). 

L. 

Lambert, Thomas R., Charlestown, Massachusetts (18). 
Lapham, Increase A., Milwaukie, Wisconsin (3). 

•Lasel, Edward, Williamstown, Massachusetts (1). 

Lattimore, S. A., Rochester, New York (15). 

Lawrenc#, Edward, Charlestown, Massachusetts (18). 
Lawrence, George N., New York, New York (7). 

Lea, Isaac, Philadelphia, Pennsylvania (1). 

Leakin, George A., Baltimore, Maryland (17). 

•Lederer, Baron von, Washington, District of Columbia (1). 
Lesley, Joseph, Jr., Philadelphia, Pennsylvania (8). 
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Lesley, J. I\, Philadelphia, Pennsylvania (2). 
♦Lieber, Oscar M., Columbia, South Carolina (8). 
♦Lincklaen, Ledyard, Cazenovia, New York (1). 
Lincoln, Robert T., Chicago, Illinois (17). 

Lindsley, J. B., Nashville, Tennessee (1). 

♦Linsley, James H., Stafford, Connecticut (1). 

Little, George, Oxford, Mississippi (15). 

Locke, Luther F., Nashua, New Hampshire (7). 
Logan, William E., Montreal, Canada (1). 

Lombard, Benjamin, Chicago, Illinois (17). 

Loomis, Elias, New Haven, Connecticut (1). 
♦Loosey, Charles F., New York, New York (12). 
•Lothrop, Joshua R., Buffalo, New York (15). 
Lovering, Joseph, Cambridge, Massachusetts (2). 
Lupton, N. T., Greensboro, Alabama (17). 

Lyman, B. S., Philadelphia, Pennsylvania (15). 
Lyman, Chester S., New Haven, Connecticut (14). 
Lyman, Henry M., Chicago, Illinois (17). 

M. 

Maack, G. A., Cambridge, Massachusetts (18). 
McCagg, Ezra B., Chicago, Illinois (17). 
♦M’Conihe, Isaac, Troy, New York (4). 

McCoy, Amasa, Chicago, Illinois (17). 

McMurtrie, Horace, Boston, Massachusetts (17). 
McNeil, J. A., Grand Rapids, Michigan (18). 

McRae, John, Camden, South Carolina (3). 

Marcy, Oliver, Evanston, Illinois (10). 

♦Marsh, Dexter, Greenfield, Massachusetts (1). 
Marsh, H. II., Chicago, Illinois (17). 

Marsh, O. C., New Haven, Connecticut (15). 
Marshall, Orasmus H., Buffalo, New Yoik (15). 
♦Mather, William W., Columbus, Ohio (1). 

Mauran, J., Providence, Rhode Island (2). 

Mayhew, D. P., Ypsilanti, Michigan (13). 

Maynard, Alleyne, Cleveland, Ohio (7). 

Maynard, George W., Troy, New York (10). 

Meade, George G., Philadelphia, Pennsylvania (15). 
Means, A., Oxford, Georgia (5). 

Meehan, Thomas, Germantown, Pennsylvania (17). 
Meek, F. B., Washington, District of Columbia (0). 
Meigs, James A., Philadelphia, Pennsylvania (12). 
Miles, Henry H., Quebec, Canada East (11). 

Minifie, William, Baltimore, Maryland (12). 
Mitchell, Maria, Poughkeepsie, New York (4). 
Mitchell, William H., Florence, Alabama (17). 
Morgan, Lewis II., Rochester, New York (10). 
Morison, N. II., Baltimore, Maryland (17). 

Morley, Edward W., Pittsfield, Massachusetts (18). 
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Morris, John G., Baltimore, Maryland (12). 

Morse, Edward S., Salem, Massachusetts (18). 
Morton, Henry, Hoboken, New Jersey (18). 
•Morton, S. G., Philadelphia, Pennsylvania (1). 
Murray, David, New Brunswick, New Jersey (11). 


N. 


Nason, Henry B., Troy, New York (13). 

Nelson, Cleland K., Annapolis, Maryland (12). 

Newberry, J. S., New York, New York (5). 

Newcomb, Simon, Washington, District of Columbia (13). 
♦Newton, E. H., Cambridge, New York (1). 

Newton, Hubert A., New Haven, Connecticut (6). 

Newton, John, Pensacola, Florida (7). 

Nichols, Charles A., Providence, Rhode Island (17). 
Nichols, William R., Boston, Massachusetts (18). 
♦Nicollett, J. N., Washington, District of Columbia (1). 
Niles, W. H., Cambridge, Massachusetts (16). 

•Norton, J. P., New Haven, Connecticut (1). 

Norton, W. A., New Haven, Connecticut (6). 


o. 


♦Oakes, William, Ipswich, Massachusetts (1). 

Ogden, Mahlon D., Chicago, Illinois (17). 

Ogden, W. B., Chicago, Illinois (17). 

Oliver, James Edward, New York, New York (7). 
♦Olmsted, Alexander F., New Haven, Connecticut (4). 
♦Olmsted, Denison, New Haven, Connecticut (1). 

♦Olmsted, Denison, Jr., New Haven, Connecticut (1). 
Ordway, John M., Boston, Massachusetts (9). 

Orton, James, Poughkeepsie, New York (18). 

Osten, Sacken, Baron R. von, New York, New York (10). 


P. 


Packard, A. S., Jr., Salem, Massachusetts (16). 

Page, Peter, Chicago, Illinois (17). 

Paine, Cyrus F., Rochester, New York (12). 

Paine, Nathaniel, Worcester, Massachusetts (18). 

Painter, Minshall, Lima, Pennsylvania (7). 

♦Parkman, Samuel, Boston, Massachusetts (1). 

Parmelee, Dubois D., New York, New York (15). 

Parry, Charles C., Washington, District of Columbia (6). 
Peabody, S- H., Chicago, Illinois (17). 

Peirce, Benjamin, Cambridge, Massachusetts (1). 

Peirce, B. O., Beverly, Massachusetts (18). 

Perkins, George H., Burlington, Vermont (17). 

Perkins, George R., Utica, New York (7). 

Perkins, Maurice, Schenectady, New York (15). 
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Perry, John B., Cambridge, Massachusetts (16). 
♦Perry, M. C., New York, New York (10). 

Phelps, Almira L., Baltimore, Maryland (13). 

Phelps, Charles E., Baltimore, Maryland (13). 

Phippen, George D., Salem, Massachusetts (18). 
Pickering, Edward C., Boston, Massachusetts (18). 
♦Plumb, Ovid, Salisbury, Connecticut (9). 

Pope, Charles A., St. Louis, Missouri (12). 

♦Porter, John A., New Haven, Connecticut (14). 
Pourtales, L. F., Washington, District of Columbia (1). 
Powell, Edwin, Chicago, Illinois (17). 

Pratt, William H., Davenport, Iowa (17). 

Prescott, William, Concord, New Hampshire (1). 
Pruyn, J. V. L., Albany, New York (1). 

♦Pugh, Evan, Centre Co., Pennsylvania (14). 

Pumpelly, Raphael, Cambridge, Massachusetts (17). 
Putnam, F. W., Salem, Massachusetts (10). 
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Quincy, Edmund, Jr., Boston, Massachusetts (11). 
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Rauch, J. H., Chicago, Illinois (11). 

Raymond, R. W., New York, New York (15). 

Read, Daniel, Columbia, Missouri (17. 

Redfield, John II., Philadelphia, Pennsylvania (1). 
♦Redfleld, William C., New York, New York (1). 
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Riley, Charles V., St. Louis, Missouri (17). 

Ritchie, E. S., Boston, Massachusetts (10). 
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Rochester, Thomas F., Buffalo, New York (15). 
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Rockwell, John, La Salle, Illinois (11). 

♦Rockwell, John A., Norwich, Connecticut (10). 
Rockwell, Joseph P., Boston, Massachusetts (17). 
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Rogers, W. A., Alfred Centre, New York (15). 

Rogers, W. B., Boston, Massachusetts (1). 

Rood, O. N., New York, New York (14). 

Roosevelt, Clinton, New York, New York (11). 

Root, Edward W., Clinton, New York (17). 

Rumsey, Bronson C., Buffalo, New York (15). 

Rumsey, George T., Chicago, Illinois (17). 

Runkle, J. D., Boston, Massachusetts (2). 

Rutherford, Louis M., New York, New York (13). 
Ryerson, Joseph T., Chicago, Illinois (17). 
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Salford, Truman H., Chicago, Illinois (13). 
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Smith, J. L., St. Louis, Missouri (14). 
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Sprague, Albert A., Chicago, Illinois (17). 

Spring, Charles H., Boston, Massachusetts (13). 
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J. W. FOSTER, 

EX-PRESIDENT OF THE ASSOCIATION. 


Mr. President, and Gentlemen of the American Associa- 
tion for the Advancement of Science : 

There is an article contained in our Constitution which requires 
the retiring President to address the Association in general meet- 
ing ; and custom has prescribed that he select for his theme some 
new and important discoveries in science, or some new inventions 
and processes in the arts. 

It is in the discharge of this duty that I appear before you on 
this occasion, and solicit your attention for the passing hour. So 
vast is the domain of science, and so numerous have become its 
cultivators in almost every part of the world, that, even if I had 
the capacity, the labor of embodying the results of a single year, 
in a brief address, would be a mere accumulation of details devoid 
of that spirit which gives them value, — generalization. 

I shall, therefore, restrict myself to the researches which have 
been made in those departments of science which with me have 
been the subjects of special investigation, and shall seek to set forth 
what others have accomplished, rather than to advance original 
views. 

It will be found that, throughout all time, since the earth became 
fitted for the habitation of organic life, there have been great 
cycles of heat and cold, and that these cycles have exercised a 
marked influence in the modification of all terrestrial forms. To 
traverse the whole ground, would employ too much time ; and I 
shall, therefore, restrict myself to the changes which barely ante- 
date the Human Epoch. 

We know that the Tertiary Age, so far, at least, as relates to 
the northern hemisphere, was characterized by a warm and equable 
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climate, extending even to the Polar Sea. Where now blooms the 
Andromeda close by banks of perpetual snow, at that time grew a 
luxuriant forest vegetation. McClure’s sledging party gathered 
fragments of fossil wood, acorns, and fir cones in the interior of 
Bank’s Land, far within the limits of the Arctic Circle. As high as 
latitude 70° N. in Greenland, large forests lie prostrate and encased 
in ice. At Disco Island, the northern verge of European settle- 
ment, the strata are full of the trunks, branches, leaves, and even 
the seeds and fruit-cones of trees, comprising firs, sequoias, elms, 
magnolias, and laurels, — a vegetation characteristic of the Miocene 
Period of Central Europe. Professor Heer particularly notices the 
Sequoia JLangsdorfii , which is very closely allied to the Sequoia 
sempervirem of the Coast Range of California. 

Spitzbergen was clothed with a forest vegetation equally luxu- 
riant, amongst which the Swedish naturalists recognize the swamp- 
cypress ( Taxodium dubium) in a fossilized state at Bell’s Sound 
(76° N.), and the plantain and linden in King’s Bay (78° and 79° 
N.). The. same Sequoia was observed by Sir John Richardson 
within the Arctic Circle west of Mackenzie River. The lignite 
beds of Iceland have yielded to the botanists, Steenstrup and Heer, 
fifteen arborescent forms identical with the Miocene plants of 
Europe. 

In the flora of the Great Lignite Basin of Nebraska, which is 
referred to the Miocene Age, Hayden has detected the oak, the 
tulip or poplar, the elm and walnut, and a true fan-palm, with a 
leaf-spread of twelve feet; — all, however, of extinct species. 
These forms he regards as characteristic of a sub-tropical climate 
such as now prevails in the Gulf States. The fan-palm ( Sabal 
CampbeUii) is the representative of the Sabal major of the Euro- 
pean Tertiaries, and the Sabal palmetto of our Southern States. 

The Cinnamonium, an unquestioned tropical type, while not 
thus far detected in the Missouri Basin, has been found by Les- 
quereaux in the Cretaceous (?) beds of Bellingham Bay, on our 
North-western coast ; in the Eocene of the Lower Mississippi, and 
in the lignite beds of Vermont. 

Professor Newberry, in a review of the flora of the Cretaceous 
and Tertiary Ages of North America, thus remarks: — 


“ We have, therefore, negative evidence, though it may be reversed ft 
an early day by further observations, that the climate of the interior of our 
continent, during the Tertiary Age, was somewhat warmer than during the 
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Cretaceous Period ; and that, during both, the same relative differences of 
climate prevailed between the western and central portions that exist at the 
present day.” 

The Drift Epoch was ushered in by a marked change in physical 
influences, by which the whole flora of the extreme northern hem- 
isphere was so far affected that certain forms were blotted out of 
existence, while other forms were forced to seek, by migration, a 
more congenial climate, and accommodate themselves to altered 
conditions. In the higher regions we find a predominating growth 
of mosses and saxifrages, and at the southern limits of the Drift a 
buried vegetation of an Alpine character. 

If we examine the faunas of the two epochs — particularly the 
land animals which we may suppose to be peculiarly susceptible to 
atmospheric changes — we shall find that there was a marked 
modification of forms. Dr. Leidy, in his late work on the extinct 
mammalian faunas of Dakota and Nebraska, states that, of the 
thirty-two genera of Miocene animals, not one occurs in the 
Quatenary formation of North America. In comparing the 
Miocene and Pliocene faun® with each other, as represented 
mainly by the remains from the Mauvaises Terres and the 
Niobrara River, scarcely a genus is common to both. “In 
view,” he continues, “ of the consecutive order and close approxi- 
mation of position of the two formations and faunas, such exclu- 
siveness would hardly have been suspected.” The greater simili- 
tude of the Miocene and Pliocene faun® with the contemporaneous 
faun® of the Old World, has led him to suggest that the North 
American continent was peopled, during the Tertiary Epoch, from 
the West. ‘‘Perhaps this latter extension,” he continues, “oc- 
curred from a continent whose area now forms the bottom of the 
Pacific Ocean, and whose Tertiary fauna is now represented east 
and west by the fossil remains of America on the one hand, and of 
Asia, with its peninsula, Europe, on the other.” 

The topographical features of the two continents and the hydro- 
graphical soundings of the two oceans, render this supposition 
probable. Between Ireland and Newfoundland there is a great 
plateau, which an elevation of the earth’s crust to the extent of 
a few thousand feet would convert into dry land ; and Behring’s 
Straits, which now separate Asia and North America, are, at their 
narrowest points, but thirty miles wide, and their shallowest depth 
is but twenty-five fathoms. 
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And here the paleontologist comei to the aid of the hydrographer, 
and, by their joint labors, the one re iders probable what the other 
has conjectured as possible, — the f rmer union of the two hemi- 
spheres. Zoology would indicate th t such was the fact during the 
Pliocene Epoch, in which will pro >ably be found the origin of 
those mammalian types contempoi ary with the elder man, and 
represented by the extinct Proboscid ans and Ruminants. None of 
these large animals could probably have passed over the straits 
which now divide these regions, ai d the close alliance in form 
would indicate a common origin. We infer, therefore, that the 
subsidence during the Drift Epoch ?ut off the communication be- 
tween the two hemispheres, and the refrigeration which then took 
place, served to disperse the colossal animals, who sought by 
migration to lower latitudes a climate congenial to their natnre. 

As in Europe, we find the remains of these northern types inter- 
mingled with those of an African type, — the hippopotamus, which 
in his summer migrations' strayed as far north as England ; so on 
this continent we had, during this epoch, the great sloths, repre- 
sented by the megalonyx and mylodon, w r hose congeners at this 
time exist in South America. Thus there was an inosculation, so 
to speak, of two distinct and CQntemporaneous faun®. 

It is an inquiry of the highest interest, — perhaps as much so as 
any connected with the physical history of the past : How far has 
man been a witness of these stupendous changes? It is not until 
towards the close of the Drift Epoch, that we are enabled to detect 
unmistakable signs of his works, although there are not wanting 
proofs which would refer his origin to an earlier date, — the Plio- 
cene. So numerous and well-attested are the facts, that we must 
now regard him as the contemporary of many of the great mam- 
mals which have ceased to exist, and the subject of physical condi- 
tions very different from what now prevail. To account for these 
changes requires the lapse of a longer period of time than has 
heretofore been assigned to his existence upon earth. 

Thus within a few years has been opened a sphere of investiga- 
tion which has enlisted a large class of able observers, and then- 
labors have thrown a flood of light upon the origin of our race. 
Ethnography has become aggrandized into one of the noblest of 
sciences. However conflicting these revelations may be to our 
preconceived notions, they must not hereafter be disregarded in 
treating of the past and present condition of humanity. We must 
weigh the value of observations, and press them to legitimate con- 
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elusions. The investigator at this day is not to be trammelled, in 
the language of Humboldt, by “an assemblage of dogmas be- 
queathed from one age to another” — by “a physical philosophy 
made up of popular prejudices.” 

The periods of the prehistoric man have been divided by M. Lar- 
tet, into two ages, — 

(1) The Stone Age, and (2) the Metal Age. 

The Stone Age has been subdivided into three epochs. 

1. That of the extinct animals, such as the mammoth and cave- 
bear. 

2. That of the migrated existing animals (Reindeer Epoch). 

3. That of the domesticated existing animals (Polished Stone 
Epoch). 

The Metal Age has been divided into two epochs. 

1. That of Bronze. 2. That of Iron. 

The elder man differed widely from the intellectual and much- 
planning man of this day. The conditions of climate greatly 
modified his modes of thought and physical pursuits. The north- 
ern hemisphere was just emerging from a long-continued state of 
glaciation. The snows which had wrapped the earth as in a man- 
tle, were melting, and the great glaciers were reluctantly retreating 
within the Arctic Circle. Every depression became a lake, and 
every lake a sea for the reception of the accumulating waters, 
whose resistless force swept along mud, and sand, and shingle, and 
fragments of rocks. As the barriers gave way, the waters cut out 
channels on their route to the sea, and the terraces and ridges 
which border our lakes and rivers are but the monuments of their 
erosive action. It was a sad and desolate land, to be paralleled 
only in the Arctic Circle. But man was not alone. On the Euro- 
pean continent there was a strange assemblage of animals: the 
elephant, with his compound clothing of wool and hair; the 
rhinoceros, similarly protected; the cave-bear and cave-hyena; 
the tiger ; and the great ox, not patient of toil as at this day, but 
fierce and indomitable. On this continent was the elephant of a 
closely allied species ; the lion and bear, and at least two species 
of the musk-ox, gigantic as compared to their modern congener. 

In such a climate and on such a soil we can well imagine that 
agriculture formed no part of the occupation of the primitive man. 
He gathered not the kindly fruits of the earth, but was essentially 
a predaceous animal. The few skulls that have been recovered, 
would indicate that he was low in the scale of intellectual organi- 
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zation, — a small brain, a retreating forehead, and oblique jaws. In 
capacity he was below the Australian and New Zealander. In 
stature he was dwarfed, but was broad-shouldered and robust, — 
the result of vigorous exertion and out-door exposure. He was 
carnivorous, and, perhaps, a raw flesh-eater; for in the jaws which 
have been disinterred, the incisor teeth are much worn, — a pecu- 
liarity which has been noticed in those of the flesh-eating Esqui- 
maux. This fact ought not to be cited to his disadvantage, for in 
an Arctic climate where the animal heat is so rapidly abstracted, 
man requires a highly nitrogenous food. Thus we find our own 
countryman, Kane, when imprisoned in the ice of Rensselaer Har- 
bor, resorting to raw walrus-meat, and rolling it as a sweet morsel 
under his tongue. 

It cannot be gainsaid, however, that man was a cannibal. In 
Scotland were found the bones of children, which, according to 
Owen, bore upon them the marks of human teeth, and the evidences 
produced in the Archaeological Congress at Copenhagen established 
this fact beyond controversy. 

He was not destitute of skill in the art of delineation, for we have 
restored to us, on a slab of slate a very good profile of the great cave- 
bear — the earliest instance extant of pictorial representation. 

But we must accord to him one redeeming trait. That homage 
which in all ages and among all nations, the living pay to the 
dead ; those ceremonies which are observed at the hour of final 
separation ; that care which is exerted to protect the manes from 
all profane intrusion ; and those delicate acts, prompted by love or 
affection, which we fondly hope, will smooth the passage of the 
parting spirit to the happy land, — all these observances our rude 
ancestors maintained. These facts show that, deep as man may 
sink in barbarism, brutal as he may become in his instincts, there is 
still a redeeming spirit which prompts to higher aspirations, and 
that to him, even, there is no belief so dreary as that of utter anni- 
hilation. 

Perhaps, among the existing tribes of the human race in the 
Arctic Highlander, as described by Sherard Osborn, we have the 
nearest approach to the prehistoric man : — 

“ Although dwarfed in stature, they are thick-set, strong-limbed, deep- 
chested, and base-voiced, and capable of vigorous and prolonged exertion. 
... I cannot discover an instance of their ever having been seen to partake 
of a single herb, grass, or berry, grown on shore. Of vegetables and 
cereals, they have of course no conception, and I know of no other people 
on the earth’s surface who are thus entirely carnivorous.” 
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After the lapse of a period whose interval cannot be measured, 
the great animals which characterized the dawn of the Human 
Epoch, began to disappear, and were replaced by other forms of 
diminished size, but of improved type. Among these, on the 
European continent, were the reindeer, the musk-ox, the stag, the 
bison, and urus, together with the horse, not distinguishable from 
the existing species. The reindeer and musk-ox, which only thrive 
in a cold climate, not only occupied England, but wandered as far 
south in France as the shores of the Mediterranean and the slopes 
of the Pyrenees, which interposed effectual barriers to their further 
progress. 

The reindeer must have existed in vast herds, and to the prime- 
val man have proved the most useful of animals. Every portion 
of the carcass was economized. His flesh furnished food ; his skin, 
clothing; his sinews, thread; and his horns were fashioned into 
harpoons, javelins, and sockets for the reception of spear-heads and 
hatchets. 

On this continent we find the musk-ox and reindeer, identical in 
species with the European forms, in a fossilized state. The rein- 
deer ranged as far south as Kentucky and New Jersey, but the 
existing musk-ox has not been found fossilized outside of its pres- 
ent limits. The Bootherium, however, which exceeded him in size, 
and to which he was closely allied, had a range co-extensive with 
the reindeer. The stag ( Cervus alces) and the bison (R. latifrons) 
were in existence, while the horse, which is abundantly represented 
in the Pliocene, and is continued into the Quaternary Period, had 
become extinct before the discovery of America. His remains are 
found in Eschscholtz Bay (latitude 66° 20 / North) in connection 
with those of the Elephas primigenius , the urus, deer, and musk- 
ox, imbedded in a deposit of clay and fine micaceous sand. The 
rhinoceros (R. merianus) appears in the Miocene of Texas, and is 
represented in the Pliocene of the Upper Missouri as R. crassus y 
and in the same formation in California as R. hesperius; but thus 
far the Rhinoceros tichorhinus so intimately associated with the 
great Proboscidians of Europe, has not, to my knowledge, been 
found in North America. In addition to these forms may be men- 
tioned the great mastodon, which came into being subsequent to 
the elephant, and survived his extinction. 

The fact of the existence of the mammoth or mastodon, was 
certainly known to the founders of the cities of Central America, 
for in more than one instance there is graven with elaborate care, 
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on the walls of their structures, the form of a Proboscidian, which 
cannot be mistaken for one or the other of these animals ; but the 
works on which these delineations are made, indicate a far higher 
order of art than was ever attained by the prehistoric man of 
Europe. These delineations, I am disposed to think, are of the 
mastodon, and, found as they are upon the walls of stone-built 
palaces and temples, there is strong evidence to believe that this 
great Proboscidian survived almost to the Historic Period. 

The men of the Reindeer Epoch made gradual advances in the 
industrial arts. They did not cultivate the soil, for the climate 
was still inhospitable. While their progenitors were content with 
knives flaked from flints in the form of rude fragments with cutting 
edges, they wrought out tools more symmetrical, but without any 
attempt at polishing. 

They attained to a very creditable degree of artistic skill, as 
shown by their designs traced on tablets of ivory, and carved out 
of the antlers of the reindeer. We have thus represented the stag, 
the ibex, the horse, a reindeer couchant forming a dagger-hilt, and 
also the great elephant with his characteristic markings ; the small 
oblique eye, the ponderous trunk, the recurved tusks, and the 
shaggy mane. The human form even is delineated. We have an 
ivory statuette of the female figure, and traced on a stag’s honi 
the outline of a male figure with a caudal appendage like that 
which was conjectured by Lord Monboddo, the eccentric Scotch 
philosopher, to appertain to the primitive man. 

On this continent the evidences of the existence of man at this 
age, while obscure, are yet, I am disposed to believe, authentic. 
The human bone found in the Loess at Natchez, and the flint 
implements found in connection with the Missouri mastodon, may 
claim as high an antiquity as the oldest of the European “ finds.” 

The discoveries in California would seem to carry back the ex- 
istence of man to a date still more remote. As early as 1857, Dr. 
C. F. Winslow sent to the Boston Natural History Society a frag- 
ment of a human cranium found in the “paydirt” in connection 
with the bones of the mastodon and elephant, one hundred and 
eighty feet below the surface of Table Mountain, California. It 
was in this region (Angelos, Calaveras County) that a human skull 
was subsequently found by a miner named James Matson in a shaft 
one hundred and fifty feet deep, which passed through five beds of 
lava and four deposits of auriferous gravel. The statements of 
Professor Whitney as to the authenticity of this skull have been 
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received with extreme distrust ; but does not this earlier discovery 
of human remains in the same formation confirm the correctness of 
those statements? 

Our country is yet new, and it is only recently that attention has 
been directed to these investigations. It is hardly to be expected 
that a competent observer will be present at the precise time when 
any relic of the past is disinterred ; and there is an universal feel- 
ing of doubt and distrust as to the authenticity of all such finds. 
With the evidence before us that both hemispheres have been sub- 
jected to the same dynamic causes, and peopled by the same races 
of animals, often identical in species, is it not philosophical to 
infer that here we shall be able to detect the traces of man and 
his works, reaching back to as high an antiquity as on the Euro- 
pean continent ? 

The Reindeer Epoch terminates the earliest known record in the 
career of man. It was signalized by a series of physical events 
too important to be slightly passed over. The glaciers again ad- 
vanced, and again the land became refrigerated; but the cold 
period was not so long continued, and was less intense. To this 
succeeded a period of warmth, and as the glaciers dissolved under 
its influence, there ensued a flood which swept over the lowlands 
and forced the cave-dwellers to flee to the high grounds. The 
water in Belgium, according to Dupont, rose to the height of four 
hundred and fifty feet, and the calcareous mud, known as the 
Loess, was then deposited in the Rhine Valley. The caves were 
also invaded, and the u bone-earth” which forms the division 
between two distinct faunae, is of the same age. 

It was during this epoch that the great mammals disappeared 
from the earth, — the elephant, the rhinoceros, the cave-bear, the 
cave-hyena, the tiger, and the Irish stag ; while the reindeer, the 
musk-ox, and the elk, migrated to the north where the changed 
conditions of climate were more congenial to their nature. 

The musk-ox has disappeared from Europe, but he survives on 
this continent, restricted in his range to what are known as the 
“Barren Grounds,” lying between the Welcome and Coppermine 
Mountains. The aurochs, protected by stringent laws, still sur- 
vive, while the horse, domesticated by man, has vastly multiplied. 
The ure-ox, living through the great catastrophe, has disappeared 
within historical times. 

The greatly augmented thickness of the Loess on this continent, 
w’ould indicate that the ice action was exerted more powerfully, 
A. A. A. S. VOL. XIX. 2 
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and its effects are traced over a larger area ; and the same destruc- 
tion overtook the larger quadrupeds, extending even to the gigan- 
tic sloths, who lived in a milder climate. 

From this era we may date a change in the physical conditions 
of our planet, so far at least as relates to the northern temperate 
zone. The climate became milder, and the soil yielded more boun- 
tifully those seeds and fruits which contribute to human support. 
Man for the first time began to show signs of progress in the 
industrial arts. His weapons of flint were more symmetrically 
fashioned, and in some instances were polished. The dog became 
his companion, and some of the other animals were domesticated. 
This was the Polished Stone Epoch. 

In the Bronze Epoch we trace still greater advances. Man dwelt 
in fixed habitations. He surrounded himself with such domestic 
animals as the ox, horse, pig, goat, and sheep, and retained his 
companionship for the dog. He cultivated wheat and barley, whose 
flour he kneaded into bread and baked between heated stones. 
Apart from berries he gathered the fruits of the pear, cherry, and 
plum. The discovery of the art of smelting copper, and of the 
additional art of hardening it by a slight admixture of tin, was an 
immense stride towards civilization. Ere long followed the dis- 
covery of the art of iron-smelting, — a discovery which has done 
more to advance the welfare of our race than all others combined. 
Then it was that man, for the first time, was furnished with a 
weapon which enabled him to achieve a conquest over Nature, and 
this assertion will not appear extravagant when we reflect how 
intimately this metal is connected with all the industrial arts. 

The Iron Epoch approaches so near the Historic Era that, as 
forming a portion of geological history, the events are too insig- 
nificant to be dwelt upon. 

The Mound-builders of our own country, in the scale of civiliza- 
tion, were intermediate between the Polished Stone and the Bronze 
Epochs of Europe. They resided in towns, many of which have 
since become the sites of flourishing cities. They practised agri- 
culture, making use of maize as their chief cereal ; but there was 
not on this continent a domestic animal who could aid them in 
their labors or contribute to their sustenance. Strange as it may 
, seem, that while the Danish kitchen-middins and the Swiss refuse- 
heaps contain abundant traces of mammalian bones, thus far they 
have been but rarely detected in the mounds. They chipped with 
great skill the limestone-chert into spades, spear-heads and arrow- 
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heads. Out of porphyry or greenstone they wrought their hatchets 
and battle-axes, and these were often ground and polished. The 
same material, too, was often used in making pipes, which were 
carved into forms representing quadrupeds and birds, so faithful in 
detail that the species to which they belonged can be identified. 
The specular iron ore of Missouri was elaborately wrought and 
polished into slung-shots or plummets. They mined extensively 
the native copper of Lake Superior, which they beat, and perhaps 
smelted, into knives, chisels, spear-heads, arrow-heads, and bracelets. 
They wove cloth with a regular warp and woof, out of a fibre as 
yet undetermined. They modelled clay into vases, water-coolers, 
and other utensils, and ornamented them with elaborate designs, 
and the human face, even, is portrayed with rare fidelity; and 
finally, they must have maintained an intercourse with distant and 
widely separated portions of the continent. 

Since the close of the Reindeer Epoch the changes which have 
taken place in the flora and fauna of Europe have been slight. 
We may note, however, the disappearance of the Scotch fir ( Pinus 
sylvestris) from Denmark, where it is found entombed in the peat- 
swamps, and the introduction of the sessile oak, which in turn is 
becoming supplanted by the common beech. In the Baltic the 
oyster flourished in places from which it is now excluded, and 
certain other marine forms that attained a full growth, are now 
dwarfed. There is an instance or two of the disappearance of 
mammalian forms, but this may be traced to the direct agency of 
man. These slight changes in physical geography have modified 
the distribution of animals and plants, but they have not affected, 
in the least, their form. Whatever changes have been observed 
are due to domestication. 

So far as relates to our own country, there are evidences in the 
Great Basin and on the Colorado Plateau, that at no remote day 
there was a much more genial climate and a soil more productive 
than now prevail. This is seen in the dead forests that line the 
mountain sides ; in the water lines of the lakes and streams high 
above the greatest floods; in the deep canons through which now 
course trickling streams, but which must have formed the channels 
of voluminous rivers ; and in the alluvial bottoms now bare and 
desolate, in which are imbedded the remains of a robust vegetation. 

I have, perhaps, dwelt too long upon these changes which have 
so essentially modified the surface of the earth, and at the same 
time the destinies of our race. Had an Arctic climate continued 
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to prevail over what is now the temperate zone, man would have 
made no advance in civilization ; life to him would have been a 
continued struggle for existence. It is only in a genial climate, 
and on a soil so generous as to yield with moderate exertion a sup- 
port, that he can cultivate his intellect ; and such culture, I need 
hardly affirm, is at the base of all civilization. 

How great the contrast between the primitive cave-dweller and 
the practical man of to-day, who, availing himself of the conquests 
of science, subjects the forces of Nature to his will; who spans 
with bridges deep chasms ; who stretches his iron rails over high 
summits ; who traverses the trackless deep with unerring course ; 
who flashes intelligence over a hemisphere. How different from 
the intellectual man of to-day, who weighs the earth as in a 
balance; who measures the distance of the sun and assays its 
elements ; who maps the comet’s path ; who penetrates the deep- 
est mysteries of the Universe. The one was almost a brute; the 
other is almost a god ! 

While these revolutions have taken place on the surface of the 
earth they have, at the same time, been sufficiently powerful to 
modify the marine fauna in the disappearance of old and the intro- 
duction of new forms to the depth of 1500 feet ; but in the pro- 
founder abysses of the ocean, age after age, the conditions of life 
have remained comparatively unchanged. It is only within the 
past year that this interesting fact — a fact which must lead to a 
material modification of our previously formed views — has been 
prominently developed. 

The soundings made as far back as 1857, over the great tele- 
graphic plateau which stretches from Valentia to Newfoundland, 
disclosed in all instances a fine calcareous mud which entombed 
countless millions of shells belonging to the family of Rhizopods , 
and some peculiar bodies which are known as Coccoliths and Coo- 
cospheresy which were found to correspond with the organic con- 
tents of the true Cretaceous Period. In 1861, among a number 
of living mollusca and corals found adhering to a telegraphic cable 
between Algiers and Sardinia, taken up for repairs, Milne-Edwards 
detected certain shells which were only known as Tertiary fossils. 
In the same year Sars, the Swedish naturalist, described the Rhizo- 
crinu8 Lofotemis, obtained on the Scandinavian coast, a new and 
living type of Crinoidea belonging to a family characteristic of the 
Oolite. The soundings, prosecuted under the direction of Count 
de Pourtales, attached to the United States Coast Survey, between 
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Florida and the outer edge of the Gulf Stream, have yielded im- 
portant results which have been in part reported upon by de Pour- 
tales, the elder and younger Agassiz, and Lyman. 

The deep-sea dredgings prosecuted during the past year on 
board of her Britannic Majesty’s ship Porcupine, placed at the dis- 
posal of a scientific committee consisting of Messrs. Carpenter, 
Jeffiys, and Thompson, have yielded results of the highest interest. 
The supposition of an Azoic zone must now be abandoned. The 
profoundest depths of the ocean, in which the Himalayas or the 
Andes might be engulfed, are now believed to be inhabited, and 
inhabited, too, by organic forms which, since the dawn of the 
Cretaceous Age, have undergone no considerable modification. 
The littoral deposits, on the other hand, show the most marked 
diversities in organic forms. In one sense, as declared by Dr. Car- 
penter, we are living in the Cretaceous Age ; in another, since the 
dose of that age we have witnessed repeated dispersions and 
modifications of organic forms. 

Dr. Wyville Thompson, generalizing on these facts, says that 
there is no direct evidence that oscillations have taken place in the 
Northern Atlantic greater than 1500 feet since the commencement 
of the Mesozoic Period, and that the great depressions in the 
Pacific and Atlantic Oceans are due to causes that acted before 
that period. 

tt There have been,” he continues, “ constant minor oscillations ; 
but the beds formed during periods of depression, but now exposed 
by an upheaval of this minor character, are comparatively local 
and shallow water beds, as shown by the nature and richness of 
their fauna.” 

The dredgings which have been made in the fresh-water lakes 
of high northern latitudes have proved of equal interest. In the 
Swedish lakes, Wetersee and Wenersee, have lately been discov- 
ered Crustacea which, though differing from those now living in 
the sea, are clearly related to marine forms of a northern and even 
Arctic character. Thus have been found the Mysis relicta, whose 
congeners live altogether in the sea, and those resembling the 
species in the most northern latitudes ; the Gammarius loricatus 
thus far found only in the Arctic Ocean, Baffin’s Bay, Greenland, 
and Spitzbergen ; the Idothea entomon, in the Arctic Ocean and 
the Baltic Sea; and the Pontoporcia affinis , still found in the 
Baltic, but whose related species occur in the Greenland seas. 
These lakes are three hundred feet above the sea-level; but these 
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results show that at no remote day they communicated with the 
ocean, and were originally tenanted by a marine fauna of an Arc- 
tic type. As these waters became first brackish and then fresh, 
most of the forms died out during the transition, leaving in the 
depths a few Crustacea which correspond in part to the species in 
the Baltic, and in part to those of the Arctic Ocean. 

Within the past year Dr. Stimpson has obtained results equally 
interesting, from dredgings brought up from the deeper parts of 
Lake Michigan. The lake-level is five hundred and eighty-three feet 
above the ocean, and the greatest depths extend below that fine. 
At the depth of sixty fathoms he obtained a My sis, which, although 
not specifically identical with the Swedish form, is closely allied, 
and its occurrence authorizes us to draw the same conclusions as 
to the marine character in former times of the Great Lakes, which 
the Swedish physicists have arrived at as to the former condition of 
their own. 

Much discussion has been had in former years, and even in this 
Association, as to the nature of these lake waters during the Gla- 
cial Age. It is well known that on the borders of Lake Champlain, 
and at intervals along the St. Lawrence from Quebec to Kingston, 
and up the Ottawa, the terraces attaining an extreme height of 
between four hundred and five hundred feet, contain marine 
remains ; but when we pass over into the Great Lake basin, these 
remains disappear. Hence it has been inferred that, at that time, 
as now, the Great Lakes were filled with fresh water : but the dis- 
coveries of Dr. Stimpson, I think, disprove the correctness of this 
inference ; and further discoveries may show that these lakes for- 
merly had communication, not only with the Atlantic through the 
St. Lawrence, but with the Arctic Ocean through Hudson’s Bay. 

We are now led to the inquiry : What has caused these great 
changes of temperature, affecting the whole economy of terrestrial 
life? Between the Arctic and Antarctic regions there are great 
diversities of climate and physical conditions. The one is charac- 
terized by a vast expanse of land, and the other by a vast expanse 
of ocean. The one enjoys a short-lived summer, in which the 
flowers blossom and fructify; in the other reigns unmitigated 
winter, and even mosses and lichens are absent. In the one, the 
reindeer and musk-ox are hunted to the verge of the sea ; in the 
other, animal life disappears below latitude 56°. Man has been 
able to penetrate North to 82° 40' 30", or within nearly five hun- 
dred miles of the pole ; but to the south he has only reached 78° 
10', or about eight hundred and fifty miles. 
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There are several causes which combine to produce this result. 
The great continental masses which characterize the northern 
hemisphere, warmed by summer sun, radiate heat into surrounding 
space, while the narrow expanse of land in the Antarctic circle, 
bathed by chilled waters, and encased in ice, acts as a refrigerator 
of the atmosphere. Besides, as we shall hereafter show, owing to 
the earth’s movement, the southern summer is shorter by at least 
eight days, and the amount of heat received during that period by 
the northern hemisphere cannot but exert an appreciable influence. 
The Arctic region, then, enjoys a milder climate than it would if, 
as in the Drift Epoch, it were submerged to the depth of at least 
two thousand feet. In the Great Year of astronomers, the south- 
ern pole, after having passed through its great winter solstice, is 
now entering upon its summer climate. 

Lyell has conjectured that these phenomena are due to a differ- 
ent distribution of land and water, combined with a different dis- 
tribution of oceanic currents ; but with an expanse of land occu- 
pying almost the whole of the northern hemisphere, and with the 
Gulf-stream diffusing its warm breath over the western coast of 
Europe, and the Japan Current over the western coast of America, 
we find that the domain of ice and snow remains fixed ; and we 
can conceive of no conditions, dependent upon these causes, 
whereby the Cinnamonium should again flourish at Bellingham Bay, 
or the Sequoia on the Greenland coast. 

Others have inferred that these great cycles of warmth and 
cold may be due to the increased or diminished heat transmitted 
from the interior of the earth. If we adopt the theory of a cool- 
ing globe, there must have lapsed a very considerable period 
between the time when it passed from an incandescent state and 
when it became fitted for the sustenance of organic forms. Sir 
William Thompson, basing his observations on the well-known 
laws of heat and conservation of energy, infers that it has only 
been habitable within the last one hundred millions of years. It 
is then, if his estimates be true, within this interval that we are to 
include all the changes in the organic world, — the florae and faunae 
which have successively come into being, and have successively 
displaced each other. 

In the process of solidification the earth is supposed long ago to 
have arrived at that stage when the radiation from the cooling 
surface is no greater than that derived from the sun, and, therefore, 
a stable temperature has been established. We would infer, then, 
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that any violent reaction of the interior upon the exterior crust, 
would affect more sensibly the deep-sea animals than those dwell- 
ing on the land ; but the investigations which I have cited, show 
that while the sea fauna has undergone slight modifications since 
the dawn of the Cretaceous Epoch, the land fauna has been sub- 
jected to the most marked deviations. 

May not, then, these fluctuations of temperature be due to 
causes which operate from the exterior ? Is it necessary to assume 
that, throughout the lapse of all time, our planet has occupied its 
present relation to the sun, or the solar system ? Is not the re- 
cession of Sirius, which is now going on, an argument against the 
fixity of the siderial heavens ? 

We are assured that ours is not a central sun, but one in the 
great procession of stars which is sweeping towards the constella- 
tion Hercules : and that in the region of ether there are spaces of 
densely clustered stars, and other spaces which are comparatively 
barren. Now every star is a sun, emitting light and heat, a portion 
of which is transmitted to us. Our planet at this time is moving 
through one of those starless spaces, and therefore is not in a posi- 
tion to receive the full influence of such a cause. The distinguished 
Swiss botanist, Heer, to whom we are so largely indebted for our 
knowledge of the Miocene flora, has suggested that it is to this 
source rather than to telluric causes we are to resort to explain the 
varying distribution of temperature as manifested in past geological 
times. 

Again : Have we the right to assume that, throughout all past 
ages, the poles of our planet have pointed in the same direction ? 
We can conceive that, if its axis were to form with the plane of 
the ecliptic, the same angle which it now forms with the equatorial 
plane, there would ensue an entire change of climate, and conse- 
quently of organic forms. Why should the astronomer insist on 
the immutability of the siderial system, when to the geologist is 
unfolded a record of seas displaced and continents elevated ; of 
great cycles of heat and cold ; of the disappearance of old, and 
the appearance of new forms of organic life ? Change, not con- 
stancy, is inscribed on every leaf in the volume of Nature. 

I am not a believer in the doctrine of multiplied shocks. I 
would not, in the explanation of natural phenomena, resort to blind 
catastrophes. But is there not behind all, and over all, and per- 
vading all, a great governing principle to whose operation we can 
refer these changes? Does it not exist in the celestial mechanism 
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itself? To the solution of this problem the attention of several 
physicists has been directed. 

The speculations of the French savant, Adhemar, are not alto- 
gether to be overlooked, based as they are on the precession of the 
equinoxes and the movement of the apsides ; a movement which, 
I believe, was unknown to the elder astronomers. If we compare 
the movement of the earth with the stars, it requires the lapse of 
25,000 years to bring the equinox to correspond with the same 
point in space it now occupies ; but the orbit itself being movable, 
this period is reduced to about 21,000 years. This is called the 
Great Year, bfcing the measure of time before the winter solstice 
will again exactly coincide with the perihelion, and the summer 
solstice with the aphelion, and before the seasons will again har- 
moni 2 e with the same points of the terrestrial orbit. 

The earth, at this time, approaches nearest the sun in the north- 
ern hemisphere during autumn and winter, and it is only when it 
recedes the farthest from the source of heat that the northern 
hemisphere receives the full effect of its vivifying warmth. As the 
earth between the vernal and autumnal equinox traverses a longer 
circuit than during the other half of the year, and also experiences 
an accelerated movement as it draws near the sun, the result is, 
that the northern summer is longer than the southern by about 
eight days; but after the lapse of 10,500 years these conditions 
will be reversed. It was in the year 1248, according to Adhemar, 
that the Great Northern Summer culminated, since which time 
it has continued to decrease, and that decrease will go on until 
the year 11,748, when it will have attained its maximum. 

This compound movement, the precession of the equinoxes and 
the shifting of the line of apsides, it is claimed, exerts a marke4 
influence in the distribution of the earth’s temperature. While 
the Great Winter prevails at the north pole, the refrigeration is so 
excessive that the heats of summer are insufficient to melt the 
snow and ice precipitated during the winter, and hence, year after 
year, and century after century, they go on accumulating, until the 
circumpolar region is in a state of glaciation, and the added weight 
becomes sufficient to displace the centre of gravity, which would 
be equivalent to a subsidence at one pole, and an elevation at the 
other. M. Adhemar has even calculated the extent of this move- 
ment, and states that it would amount to about 5500 feet. Now, 
let it be borne in mind that Professor Ramsey has shown that 
in Wales the submergence of the land during the Drift Epoch 
a. A. a. s. VOL. xix. 3 
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amounted to 2300 feet, and our own observations show that in the 
northern portions of this country the glacial action proper may be 
traced to the height of 2000 feet ; although there were mountains 
which served as radiating centres, on whose flanks the Drift action 
may be traced much higher. These geographical points, roughly 
estimated, are about midway betw r een the equator and the pole, 
and the extent of the subsidence would correspond very well with 
the calculations before referred to. 

In the year 1248, the Great Winter terminated at the south 
pole, where for 10,500 years the accumulation of snow and ice had 
been going on, attended with the phenomena \£hich we have 
described. “Here then,” says M. Julien, an advocate of this 
theory, “is an irresistible force which, following the invariable 
law of the irregular precession of the equinoxes, must make the 
earth’s centre of gravity periodically oscillate.” 

Mr. Croll, an English physicist, has elaborately discussed this 
question in a series of papers in the “ Edinburgh New Philosophi- 
cal Magazine,” which have excited profound attention. With great 
labor he has prepared tables showing the amount of the earth’s 
eccentricity for the period of three millions of years, at intervals 
of 10,000 years for a greater portion of that time, and 50,000 years 
for the remainder. He infers that a glacial period occurs when the 
eccentricity of the earth’s orbit is at a maximum, and the solstices 
fall when the earth is in perihdio and in aphdio ; and that only 
one hemisphere has a glacial climate at the same time, which 
occurs when the winter is in aphdio . 

In this connection I may mention the labors of our own country- 
man, Mr. Stockwell, who has prepared a paper, now on file in the 
Smithsonian Institution, embodying his own calculations as to the 
earth’s eccentricity for the past two millions of years. 

There is such an intimate connection between the several 
branches of science, that the researches in one field often throw 
light upon the obscure points in another. In the solution of this 
difficult problem, the geologist may invoke, and I trust not unsuc- 
cessfully, the aid of the astronomer. 

That a set of causes were active during the Drift Epoch, in one 
hemisphere, which remained dormant in the other, admits of little 
doubt; and the advocates of the astronomical theory, as evidences 
of the shifting of vast amounts of water from one pole to the 
other, point to the marked differences in the topographical features 
of the two hemispheres. In the Austral region we meet with pro- 
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jecting headlands and peninsula-like terminations of continents, 
and groups and chains of islands in the Pacific and Indian Oceans 
extending over vast areas, which rise up like the peaks and crests 
of mountains. These are the evidences of a gradually engulfed 
hemisphere. In the Boreal region we have wide expanses of land 
diversified by mountains, prairies, and plains ; elevated sea-beaches 
and river-terraces, most conspicuously displayed on the borders of 
the Arctic Sea ; vast oceanic shoals ; a marine fauna of a northern 
type preserved in beds of 1400 feet, and stratified beds of gravel 
and sand, 2000 feet above the ocean-level ; clusters of lakes yet 
retaining their bitter waters ; shallow seas once salt, but each 
decade becoming more brackish ; vast desert tracts which up to a 
recent time formed the ocean bed ; — all these phenomena indicate 
a hemisphere gradually emerging from the waters. Perhaps the 
physicist can discern in these great periodic oscillations, the method 
by which Nature perpetually renews the youth of our planet, and 
maintains its fertility. 

Gentlemen of the American Association, — The hour, 
which, in your courtesy, had been assigned to me, has now lapsed, 
and I must bring these remarks to a close. The topics which have 
passed under review open up spheres of thought with regard to 
time and space too vast to be compressed within the limits of a 
mere oral discourse. Asserting no ability by reason of profound 
research to pass authoritatively on these results, may I not inquire : 
Have they not disclosed new paths in the great domain of Nature, 
which may be profitably explored jointly by the geologist and the 
astronomer ; and is there not a probability that there will be found 
to exist an intimate relation between the periodic fluctuations of 
temperature on our planet, and the periodic perturbations to which 
it is subjected as a part of the solar system ? Great as have been 
our achievements in science during the past, we profoundly believe 
that new triumphs await the patient observer. * 
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I. MATHEMATICS AND ASTRONOMY. 


1. Note on certain involutes of a circle, and on the 

ANALYTICAL VALUE OF THE HYPERBOLIC BASE. By THOMAS 

Hill, of Waltham, Mass. 


I have been investigating the meaning of the equation y = Ax n 
when x and y are not rectilinear coordinates. The result obtained 
in Peirce’s Circular Coordinates is the subject of the present note. 
The equation 


Qn 



a) 


evidently represents the nth involute of a circle, the constant of 
integration having been always made equal to zero. 

The length of the arc of this involute is 




(»+!)»/ 


»« + ! = . 


» + 


~ x Qn, ( 2 ). 


If now in (2) we make n— oo and v = n -f-p we get, while p re- 
mains finite, JS n = g n , which would seem an equation of a logarith- 
mic spiral ; but the substitution of the same values in (1) renders 
that equation infinite of the form 


QK =B^ )H =Jt n : = Jle- ( 3 ). 
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We must, therefore, assume which gives Q n = R = e S n1 

which is a logarithmic spiral. 

I am not aware that the lemma n* = e n n! has ever been pub- 
lished. 

The lemma n (n!)~V n = e I have demonstrated by three proc- 
esses. For the following neat form I am indebted to Professor F. 
W. Bardwell, of Kansas : — 

(4) . Let us adopt the notation 

Z(n m ) = l m + 2 m -f 3 m -f &c. + n m y 

fim -f- 1 

(5) . For n nz oo this becomes 2 (n w ) = - — * 

(6) . Putting x for the second member of the lemma, and involv- 
ing, we can deduce 

JL_ n/ 1 2 _3 _n 

x n n n ri ri n n 

(7) . And by inverting the order 

(8) . The logarithm of (7), whatever the value of n, gives us 

» lo g- *= \ +J ( ;) 2 + § ( \ ) * + &c - 

+:-+k-:r+k;r+ &c - 

+-:+i(i) a +ko i + &c - 


+ &c. + &c. 


(9). Summing the vertical columns in (8) gives, by (4), and 
dividing by n, 


lo s*=^ + 


+ &c. 


(10). And when n is infinite we have by (5), 

log. « = £ + + L 

Whence x = e, quod erat demonstrandum . 

It is to be observed that I here discuss only integral values 
of n ; fractional values give entirely different curves. 
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2. On a New Method op Determining the Level-Error op 
the Axis op a Meridian Instrument. By C. A. Young, 
of Hanover, N. H. 

The inclination of the axis of a meridian instrument to a hori- 
zontal plane has hitherto been measured by three different 
methods : by the use of the spirit level ; by examining with a col- 
limating eye-piece the image of the wires as in nadir-point obser- 
vations, the collimation havhtg been previously determined either 
by reversal of the instrument or by collimators; and lastly by 
observing the transits of stars by reflection from an artificial 
horizon. 

The first of these methods is by far the most used, and with 
portable instruments is sufficiently convenient. Still it requires a 
good deal of time, and, in the case of a large instrument, of hard 
work; and if there are sensible irregularities upon the pivots of 
the instrument it is a very troublesome operation to ascertain and 
apply the necessary corrections. 

The second and third methods are still more laborious : the 
second gives the level error corresponding to but one single posi- 
tion of the telescope, i. e ., with the telescope pointing downward, 
and is therefore liable to a constant error depending upon any 
malformation of the pivots which affects the instrument in this 
particular position ; the third method can be used only when the 
air is perfectly still. 

The method I have to propose allows the determination of this 
error without any further labor than two readings of a microscope, 
in any position of the telescope, and without that uncomfortable 
climbing which is involved in the use of the striding level or nadir 
observations. The arrangement of the apparatus is illustrated by 
the annexed diagram, in which, however, no regard is paid to the 
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relative proportion of parts ; the prism and mercurial horizon being 
grossly exaggerated in size for the sake of distinctness. 

The axis of the instrument is to be fitted up as a collimator in 
the same manner already practised by Challis, Airy, and others. In 
place of cross-wires, however, the extremity A should be provided 
with a plate of thin glass having a minute dot or circle engraved 
upon it, the plate being adjustable so that this dot can be brought 
into the geometrical axis of revolution and into the focus of the 
small object-glass which is situated in the other pivot, 0 . A read- 
ing microscope, M, is attached to the pier and provided with an 
ordinary collimating eye-piece N, by which light can be thrown 
upon the dot through the tube of the microscope. This enables us 
to measure the vertical distance between the dot and its image 
formed by reflection in the manner to be described. 

Opposite 0 is fixed a prism shaped like that of a camera lucida, 
which by two total reflections bends the light through a right 
angle. Immediately below it is placed a mercurial horizon. If an 
ordinary right angled prism were employed, producing the bend 
by a single reflection, then any disturbance of the prism would 
disturb twice as much the relation between the ray passing from 
A to 0 and that returning ; but with a prism of the form proposed 
this relation is independent of any small changes in the position of 
the prism. Distortion of the prism, which is hardly to be feared, 
could alone do any harm. 

A prism of this form and mercurial horizon, thus combined, 
form in effect a vertical plane mirror, whose verticality is indepen- 
dent of any small instability of the pier upon which it is mounted . 

It is then easy to see that if the dot be accurately centred, and 
if the axis is level, the image of the dot will exactly coincide with 
the dot itself, provided that the reflecting angle of the prism be 
exactly 135°. If, however, the angle vary slightly from this, the 
image of the dot will fall above or below the dot itself by a small 
amount, which will be constant, and can be determined once for all 
by any one of several different methods. Any deviation of the 
axis from horizontality will immediately be indicated by a change 
in this distance twice as large as the deviation itself, and may be 
accurately measured by the microscope. Inaccuracy in the cen- 
tring of the dot is eliminated by taking two measurements in 
opposite positions of the telescope. 

The mercurial horizon employed should of course be so devised 
as to be free from tremors as far as possible. The form recently 
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described by J. H. Lane, of the U. S. Coast Survey, appears to 
leave little to be desired in this respect. 

There is no difficulty in arranging the apparatus so that the 
ordinary illumination of the wires at the eye-piece of the telescope 
shall be effected by the light transmitted through the body of the 
microscope. So arranged, the apparatus remains in constant readi- 
ness for use, and, as before remarked, requires only the labor of 
taking two microscope readings for each determination of level 
error, without involving any disturbance of the setting of the 
instrument. 

I may add in closing, that this virtual mirror of constant incli- 
nation to the horizon may easily find other applications, — as for 
instance in determining the horizontal points of a vertical circle 
where the object glass of the instrument is not so large as to 
require a too unwieldy and expensive prism. 


3. The Discovery op the Force which originally im- 
parted ALL THEIR MOTION8 TO ALL THE STARS. By JACOB 
Ennis, of Philadelphia, Penn. 

This paper is devoted to the force which in the beginning im- 
parted all their motions to all the stars. The stellar velocities are 
among the grandest wonders of modem science. Our sun revolves in 
an unknown orbit at the rate of four hundred and twenty-two thou- 
sand miles per day, carrying along his beautiful halo of planets and 
satellites ; while at the same time this, our earth, is hastening around 
the sun with a velocity of more than a thousand miles a minute. 
The star 61 Cygni moves more than two thousand, and Arcturus 
about three thousand miles per minute. In the history of science 
it is a remarkable fact that no inquiry has been mado about the 
force which has produced these mighty movements. We are 
awed with a feeling of astonishment almost overcoming our facul- 
ties when we reflect on the unseen power which could send through 
space such great globes with such inconceivable velocities. Hence 
all that has been said about the origin of these stellar volocities is, 
that they could not have originated from the force of gravity ; and 
this assertion has often been repeated. 

After reflecting a long time on this wonder, it has been my for- 
tune to discover that gravity is, indeed, the force which, in the 
A. A. A. 8 . VOL. XIX. 4 
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beginning, put all the heavens and the earth in motion. The 
method by which I made this discovery was by the study of the 
nebular theory. As by the study of the Copemican theory Newton 
discovered that gravity is the force which now holds all the stare 
in their orbits, so by the study, of the nebular theory the discovery 
has now been made that gravity is the force which originally gave 
all the stars their motions in those same orbits. 

The nebular theory, as understood by myself supposes all mat- 
ter to have been diffused nearly equally through all space. This 
diffusion of matter could not have been perfectly even ; for that 
would have been a condition beyond our experience among the 
fluids of creation. The air is not perfectly even in its densities, 
nor the aqueous vapor in the air, nor the waters of the ocean. 
Some of the mightiest marine currents flow from these unequal 
oceanic densities. After this diffusion of matter through all space, 
contraction began. This contraction was caused by chemical com- 
bination ; but the proofs of this cause need not be considered now. 
Whatever might have been the cause of contraction, I am now to 
prove that gravity, acting on the slowly condensing fluid, was the 
great instrument in the hand of Omnipotence which moulded the 
stars, arranged them in systems, placed them in their orbits, and 
gave them their wonderful velocities. This is saying great things 
for gravity, and the announcement may look too wide and sweep- 
ing. But the proofs of this great truth are clear and easy. I will 
advance them one by one in numerical order. 

1. When the original difiusion of nebulous matter began to con- 
tract, gravity would gather the rarer portions around the denser, 
and thus separate the whole into many different portions, like the 
numerous clouds which sail by on a summer day when the vapor in 
the air is condensing. Such clouds are naturally different in size, 
irregular in shape, and at unequal distances apart. Sir Isaac New- 
ton says that “ if matter were evenly diffused through a finite 
space, and endowed with innate gravity, it would fall down in the 
middle of the space, and form one great spherical mass; but if 
matter were diffused through infinite space, some of it would col- 
lect into one mass, and some in another, so as to form an infinite 
number of great masses. In this manner the sun and stars might 
be formed, if the matter were of a lucid nature.” 

2. From the different sizes and unequal distances apart of the 
primitive nebulous clouds, it would happen that they would fall 
into one another. Those which were near would, by gravity, be 
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drawn together; and the smaller would fall into the larger. But 
in no case could one ever be struck by another in the direction of 
the centre of gravity. The falling body would necessarily be 
under the influence of other neighboring bodies ; and, being thus 
drawn out of its direct course, it would strike obliquely. If with 
the blow of a hammer we strike a suspended ball in the direction 
of its centre, it will fly straight onward. If we strike it obliquely, 
it will spin around. In like manner the nebulous body when struck 
obliquely would enter upon a rotation. 

3. Rotation would begin not only from the different sizes and 
unequal distances apart of the primitive clouds : it would begin 
also through gravity from their irregular shapes. Clouds have 
angular projections, long drawn-out arms, nearly detached outliers. 
Gravity would bring all these irregularities down to the level of 
rotundity. But these projections and arms and outliers would, as 
they fell, be also under the influence of gravity from the neighbor- 
ing clouds. Hence they would come down obliquely, and these 
oblique falls would lead to rotation. They would at first produce 
several lateral currents, running in different directions on the sur- 
face of the nebulous globe. But by the composition of forces 
these different currents must ultimately coalesce into one ; and this 
current around the new-born globe would be its rotation. But 
such surface currents would form only a rotation on the surface : 
even a small cloud falling into a larger one very obliquely would 
produce only a surface rotation. 

4. This surface rotation would be retarded by friction on the 
unrotating interior. This retardation would be greater or smaller 
in proportion as the unrotating interior were greater or smaller. 
But, whatever be the amount of retardation, the momentum of 
rotation would not be lessened ; because the momentum lost by 
the exterior would be gained by the interior ; and in this manner 
the entire globe must rotate. 

5. But, from the very beginning, the amount of rotation would be 
continually increasing, on account of the continued contraction of 
the nebulous globe. The contraction of the globe would increase 
the amount and velocity of rotation in this way : Every particle of 
a globe, as it went forward, went also downward toward the centre 
by contraction. They would all, therefore, take the direction of an 
inclined plane, and go down all the while faster and faster, accord- 
ing to the law of descent down an inclined plane. 

6. But the velocity down an inclined plane is calculable ; and, 
therefore, the velocity of rotation is calculable. A ball rolling 
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down an inclined plane gains the same velocity, friction excepted, 
as when it falls through the height of the plane. And a particle 
on the equator of a nebulous globe, going round and round, no mat- 
ter how often, down any distance toward the centre of the globe, 
gains the same velocity, friction excepted, as if it should fall 
directly down equally near to the centre. In calculating the 
increasing velocity of such a perpendicular fall, we really calculate 
the increasing velocity of rotation, always excepting friction.* 

7. But how rapid can this velocity of rotation become ? In all 

* For instance, in the nebula forming our solar system, there was necessary a 
rotation with a velocity equal to the present orbital velocities of the several 
planets when the surface of the nebula had contracted to their orbits. I have 
demonstrated mathematically that the velocity of a fall from infinite space to the 
orbit of any planet is to the orbital velocity of the planet as 100 is to 70, very 
nearly. Infinite space is taken for a convenient approximation, because the 
attraction of a body at vast distances becomes so exceedingly small. A mass of 
matter which would be attracted by the sun with the force of 409,000,000 pounds 
at the sun's surface, would be attracted with the force of 902 pounds at the 
earth's orbit, and of only one pound at the orbit of Neptune. - It would be attracted 
with only the one-hundredth part of an ounce at forty times the distance of Nep- 
tune. I have shown that, if our nebulous sun had a velocity of rotation of only the 
one-third of a mile per hour at its greatest expansion, say half the distance of the 
nearest fixed star, then, according to the law of “ rotation areas” — the radius 
vector sweeping over equal areas in equal times — at the orbit of Mercury it must 
have a velocity of rotation equal to the orbital velocity of that planet, — namely 
110,000 miles per hour. It is generally known that, if our earth should contract in 
volume, it must also increase its velocity of rotation. But it seems not to be 
generally known that this increase of velocity would be caused solely by the force of 
gravity in hurrying every particle of the globe down an inclined course toward 
the centre. 

If the velocity of a fall from infinite space to any orbital velocity be as 100 to 
70, then it may be objected that the force of gravity is too great to he the force 
which gave their velocities to the stars. To this it may be replied : 1st. That 
no rotation of any nebula actually began off at infinite space : large contraction 
must have taken place before rotation began ; 2d. That rotation began generally 
on the exterior, and the velocity was retarded by friction on the interior. In the 
case of our solar system, I have proved that this retardation between the orbits 
of Neptune and Uranus was one per cent, in a contraction of 250,000,000 miles 
in diameter of our nebulous sun : so nearly does the actual velocity of Uranus 
agree with its velocity as due to the force of gravity. 

This paper is designed to present not the mathematical calculations leading to 
these results — for that would go far to fill this volume — but only the results them- 
selves stated concisely, in distinct propositions, in their widest generality, and in 
their most logical sequence. This has never been done before. Moreover, many 
things are here brought out, which are not referrred to in “ The Origin of the 
Stars,” or in my papers in the Proceedings of the Academy of Natural Sciences, 
Philadelphia, for 1867. 


Digitized by <^.ooQle 



MATHEMATICS AND ASTRONOMY. 


29 


vastly extended nebulous globes, this velocity of rotation may 
Teach a certain definite limit beyond which it cannot increase. 
This limit is when the rotation becomes so rapid that the centrifu- 
gal equals the centripetal force. This limit is first reached by the 
matter on the equatorial zone of the nebulous globe, because there 
the centrifugal force is always greatest, and the centripetal force is 
always least. This zone of equal force must always be narrow, 
because of the extreme oblateness of the swiftly rotating nebu- 
lous globes : their equatorial being to their polar diameters nearly 
as two to one. Therefore a narrow and shallow equatorial zone, 
being equally balanced between two forces, cannot descend any 
nearer toward the centre of the globe, and hence cannot increase 
its velocity. But the matter next beneath that zone may descend 
and increase its velocity until it becomes equipoised ; and, so on, 
layer after layer arrives at the point of equipoise where it can no 
longer descend, and no longer acquire additional velocity. Hence 
these layers must be abandoned by the contracting interior, and 
separated from the globe. 

8. If the nebulous globe be homogeneous in its density, then the 
matter on the equatorial zone will be constantly arriving at the 
point of equipoise, and constantly abandoned by the contracting 
globe. These rings may be very near to one another, so that, 
taking all together, from the outer to the inner, they may form a 
nearly continuous disk. 

9. If the globe be not homogeneous in its density, if the outer 
strata, independent of pressure, be less dense than the interior, — then 
the several strata will be separated from the interior globe at wide 
intervals from one another, and the succession of rings encircling 
the globe will be far apart. No close disk-like series can then be 
formed. This was the case with our nebulous sun. 

10. If in any nebulous globe rotation begins with a thin layer 
on the exterior, and if the globe be not greatly expanded, then 
retardation will be great and the distance for contraction will be 
small. Therefore a velocity of rotation may never be attained so 
great that the centrifugal may equal the centripetal force. From 
such nebulous globes no equatorial rings can be separated ; and 
such formerly were Mars, Venus, and Mercury. They abandoned 
no nebulous rings which might subside into satellites. 

11. If the initial velocity be not merely in an external layer, but 
a general movement through the entire globe, and if the globe be 
very greatly expanded, then all the matter of the globe may be 
separated in a disk-like succession of rings. 
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12. Between these two extremes, there may be an infinite num- 
ber of intermediate grades ; none of the matter may be separated, 
or a small part may be separated ; then larger and larger portions 
may be separated ; until finally all the matter of the globe may be 
spread out in a disk-like succession of rings. 

13. By continued contraction all the rings must break up into 
separate nebulous clouds, in the same manner and for the same 
reason as did the nebulous matter originally diffused through all 
space. Here we contemplate two successive sets of nebulous 
clouds. We may call the first in the order of time the Primary 
Nebuljb, and the next the Secondary Nebulae. The secondary 
nebulae must also rotate and give off rings. These latter rings 
must also break and form Tertiary Nebuljb, which in turn must 
rotate and again produce rings and Quaternary Nebul-e. The 
primary nebulae formed sidereal systems; the secondary nebulae 
formed solar systems which revolve within sidereal systems ; the 
tertiary nebulae formed planetary systems which revolve within 
.solar systems; the quaternary nebulaB in our solar system have 
condensed into satellites or moons. There are solar systems a 
hundred times larger than our own, and in these great systems the 
quaternary nebulae have probably given rise to a fifth or a sixth 
series of nebulae. 

14. We have now arrived at a point in which we behold how 
gravity has caused both rotundity and rotation ; how, through this 
velocity of rotation, gravity has produced a centrifugal force acting 
antagonistic to itself ; how by this centrifugal force it has separated 
rings from interior contracting globes ; how gravity has collected 
these rings into round rotating bodies, which by further contrac- 
tion have settled jnto stars. Here we behold how the rotations 
and the revolutions of the stars are plainly due to gravity and to 
gravity alone. Therefore we have our position clearly proved, that 
gravity acting on slowly condensing nebulous matter was the 
great instrument which moulded the stars, arranged them in 
systems, placed them in their orbits, and gave them their wonder- 
ful velocities. But our proofs of the originating and formative 
agency of gravity do not stop here. We follow them on to show 
how gravity has given origin to a vast number of strange phenomena, 
which meet the gaze of astronomers in the many systems of stare 
which in every direction animate the boundless realm of space. 

15. The forms of all the systems of stars are infinitely varied. • 
Probably, like the trees of the forest and the faces of men, no two 
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are alike. This has arisen from the fundamental fact, that no two 
clouds are alike, whether the clouds be nebulous in the beginning, 
or vaporous now in our atmosphere. They differ in size, in shape, 
in density, and in distances apart; and all these four elements 
must have contributed to vary the systems of stars. The sidereal 
systems, on account of their great distances, appear like mere 
patches of light, and hence they are called nebulae. The telescope 
resolves many of them into stars ; but no telescope can ever resolve 
them all, because the infinity of space can never be reached and 
explored by a finite instrument. 

Some spectroscopists have lately announced that a few of the 
nebulaB (sidereal systems) are really great masses of gas in a blaze. 
This is a mistake ; and it has arisen from the fact that some sidereal 
systems are so distant that the light of their individual stars can 
make no impression on the sight, even with the aid of the most power- 
ful instruments. Their light arrives in a collected mass, like that from 
a gaseous diffusion ; and its action on the spectroscope must in both 
cases be alike. The light from incandescent solids and gases dif- 
fers in this, — the luminous particles of solids are close together ; 
those of gases are far apart. Hence their difference by the spectro- 
scope. But, in the far distant sidereal systems, the angular distances 
of the several stars must be somewhat similar to the angular dis- 
tances of the luminous particles of a gas near by; hence their 
resemblance by the spectroscope. But this question is decidedly 
ended by the fact that some of those very nebulae, which give the 
gaseous lines by the spectroscope, have been resolved into indi- 
vidual stare by the aid of very powerful telescopes ; thus proving 
that they are not gaseous. 

16. When a great disk of nebulous matter, formed from a pri- 
mary nebula, and evenly spread out from the centre to the circum- 
ference, broke up by contraction into a system of stars, then these 
stars would be evenly distributed through every part of the disk- 
like system ; and such sidereal systems, now appearing in the heav- 
ens, are called Planetary Nebulae. When the rings were closer 
together toward the centre, then the resulting stare would be more 
thickly clustered there ; and such sidereal systems now in view are 
called Elliptical Nebulae. When the nebulous matter was not all 
thrown off in equipoise between centrifugal and centripetal forces, 
then a large mass might settle in the form of a great star at the 
centre. Such sidereal systems now appear like a huge star 
encircled with a dim haze, which haze is composed of the small 
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stars of the disk. These sidereal systems are called Nebulous 
Stars. 

17. There may be rotations of fluids where, by centrifugal force, 
all the matter is driven from the centre towards the circumference. 
We see this in the whirlpool, and in the whirlwind or tornado. In 
the tornado the central vacuum may be so nearly complete that 
water will rise in the centre several feet, and spray and mist even 
to the clouds. But so violent a rotation can never be produced, 
except by great external force. As the paddle strongly propelled 
through the water may make deep dimples, and as the concussion 
of opposing currents of air may cause tornadoes with a central 
vacuum more or less complete, — so the primitive nebulous clouds 
might, through gravity, rush together with a rotation violent enough 
to throw nearly all their material from the centre to the circumfer- 
ence, leaving it there as a great thick ring, suspended in equipoise 
between centrifugal and centripetal forces. Then, in the process of 
contraction, this great ring would break up into many smaller 
nebulaB ; and, as these subsided into stars, those stars would be difr* 
posed around in a ring-like form. Sidereal systems, appearing now 
in the remote depths of space in the form of a ring, are called Annu- 
lar Nebuljb. They are scarce objects in the heavens, amounting 
to only about half a dozen ; and among the annular nebulas must be 
reckoned the sidereal system to which our own solar system belongs. 
It consists of a ring of stars, closely crowded together, called the 
Milky Way, and a disk-like stratum of stars less closely arranged, 
which disk entirely fills up the space within the Milky Way. One 
of the annular nebulae has been compared to a gauze stretched 
over a hoop. Our own stellar system is the same. The Milky Way 
is the hoop ; and the stars of the interior disk, more sparsely scat- 
tered, are the gauze. In the original formation of our sidereal 
system, all the matter was not thrown off as a ring : some was left 
for the interior disk ; and this was probably the case with all annu- 
lar nebulae, whether we be able to see the disk or not. 

18. When the nebulous matter of our interior disk separated 
by contraction into secondary nebulae, and formed solar systems, 
some of these solar systems became very large. The clusters 
known as Praesepe and Coma Berenicis contain thousands of suns 
like our own. The Pleiades and the Southern Cross each contain 
about one hundred and fifty bright stars. From these larger solar 
systems the number of suns in others dwindle down to four, three, 
and two ; but the vast majority have only a single sun. Those with 
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only four, three, or two are called quadruple, triple, and double 
stars, because the two, three, or four, appear to the naked eye as 
but a single bright star. When the nebulous matter, either of a 
primary or secondary nebula, was spread out by rotation and cen- 
trifugal force in a disk composed of closely crowded rings, then 
when contraction occurred there was no certain rule into how 
many fragments any disk should break. If there happened to be 
two spots more dense than the rest, then the entire disk might be 
attracted around them. Thus two new centres of revolution 
would be established, and both these new centres would revolve 
around the original centre of gravity. If the materials around 
these new centres were small, they would form a double star ; if 
they were enormously large, as in the primary nebulte, they would 
form two large closely connected sidereal systems, each one revolv- 
ing around its own centre, and both together would revolve around 
their original centre of gravity. When seen from our distance, 
they are called Double Nebula. Dynamical laws must operate 
in the same manner whether on a small or a large scale ; and hence 
the process of creating double stars and double nebulas is the same, 
^fhe double stars may each have a hundred or two hundred planets 
and satellites revolving around them ; as our own sun has probably 
more than two or three hundred attendants, counting the asteroids 
and comets of short period. But each of the centres of a double 
nebula may be surrounded by millions of suns. 

19. Some of the large solar systems, composed of hundreds of 
suns, seem to have changed from a disk-like to a globular form. 
This may have happened from that action of gravity called pertur- 
bation. In our own solar system some of the asteroids, being near 
together, have been so greatly affected by their mutual gravitations 
as to be thrown thirty degrees out of their original orbital planes. 
When the clusters are very large, and the stars are crowded nearly 
together, there is no reason why the changes should be limited to 
thirty degrees. These changes may occur on both sides of the 
original orbital plane, and thus form a system so nearly globular as 
to appear such at our distance. 

20. While solar systems generally have central suns, the sidereal 
systems very rarely have a large central body . In the primary neb- 
ulae, forming sidereal systems, rotation began chiefly by the falling 
together of neighboring nebulae, and this generally produced rota- 
tion at once all the way from the circumference to the centre. 
Being very large, many millions of times larger than the secondary 
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nebulae, their materials had by contraction a long distance to fall in 
the rotary way towards the centre. Hence all their materials could 
acquire a velocity so great that the centrifugal could equal the 
centripetal force. Therefore none of the materials could settle to 
the centre to form a central sun. But the secondary nebulae were 
held firmly in their orbits by the equipoise of centripetal and cen- 
trifugal force. They could, therefore, seldom fall obliquely into 
one another to produce a rotation through all their interiors. 
Being incomparably smaller than the primary nebulae, they had 
but a short distance to contract and fall by rotation to the centre. 
Hence they could not gain a high velocity, nor a centrifugal force 
strong enough to keep the greater part of their materials from sub- 
siding to the centre. None of them formed solar systems resem- 
bling annular or planetary nebulas. A few resemble elliptical 
nebulas ; and the great mass of them are like the sidereal systems 
called nebulous stars, — the halo of planets and satellites around the 
single sun, in a solar system, being exactly analogous to the haze 
of millions of smaller suns around the great central sun in a side- 
real system. 

21. The primary nebulae were all stationary in space. They 
rotated on their axes, but moved not from their positions. There 
was nothing to make them move. Gravity could bring together 
the first irregular clouds which were within each other’s spheres of 
attraction, but this falling together could produce rotation only, 
and not a movement of translation from place to place. There- 
fore the sidereal systems resulting from the primary nebulce are now 
stationary . But all secondary nebulas, from their first existence, 
were in rapid motion. They were formed of broken rings which 
swiftly revolved around the centres of their parent primary nebulas. 
Therefore, the solar systems, resulting from the secondary nebulas, 
move with great velocities in their orbits. The same may be said 
of tertiary nebulrn and their resulting planetary systems. 

22. From this immobility of sidereal systems, we must conclude 
that there is no central sun of the universe, — no one special me- 
tropolitan point, around which all systems of stars revolve. More- 
over a centre is a point equally distant every way from some 
boundary. But the universe has no bounds; therefore it has no 
centre, and no central sun. 

23. From this difference between the primary and secondary 
nebulae, in point of motion, we find two differences in the origin of 
their rotations . The exterior side of a secondary was the one 
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turned away from the centre of its sidereal system ; the interior 
side was the one toward that centre. The exterior side moved 
more rapidly, and the interior more slowly, than the centre 
of the secondary nebulae. This difference of movement, as the 
nebulae continued to contract, must have led to direct rotation. 

The secondary nebulae were flying past one another, and through 
gravity were raising tidal waves on each other’s 
surfaces. The nebulae a, 5, and c, in the figure, 
move in their orbits in the direction of the 
orbital arrows: a moves faster, and c slower 
than b. Hence conjointly they would raise 
around b tidal waves in the direction of the 
arrows at b . These tidal waves would lead to 
retrograde rotation. 

These two sources of rotation were possessed by the secondary ne- 
bulas, in addition to the two possessed by the primary nebulae : which 
latter were, first, their falling together ; and, secondly, their assump- 
tion of round forms. Gravity, however, was the operating force in 
all four cases. The most effective by far was that of the falling to- 
gether of the primary nebulae. The falling together of the material 
of a ring of a primary nebula, forming a secondary nebula, was but 
slightly effective in producing rotation, because that material had 
to travel nearly along the line of the orbit, and hence the different 
portions could not strike one another obliquely. Among the four 
causes affecting the secondary and tertiary nebulae, the most powerful 
in producing rotation was the difference of velocity between their 
exterior and their interior sides. Hence the planets and satellites 
of our solar system have nearly all a direct rotation. But in the 
conflict of the four different causes it is not to be wondered at that 
retrograde rotation was produced in one or perhaps two planets of 
our system. There may have been also another cause for retro- 
grade rotation, and acting through gravity, as has been shown in 
u The Origin of the Stars.” It has there also been shown that from 
the same cause the orbital planes of planets and satellites may be 
removed from the equatorial planes of the bodies around which 
they revolve. Gravity has also there been pointed out to have 
been the cause which changed the orbits of the celestial bodies 
from their original rings in circles to ellipses. 

24. It has now been proved, that gravity acting on slowly con- 
densing nebulous matter has moulded it into stars, and arranged 
them in great sidereal systems called gebulaB, various in their forms, 
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as annular nebulae, planetary nebulae, elliptical nebulae, double nebu- 
lae, and nebulous stars. We have also seen how the action of grav- 
ity accounts for the formation of solar systems ; some with a central 
sun like our own, and others consisting of large, nearly globular 
clusters of stars ; multiple stars, triple stars, and double stars. The 
action of gravity also accounts for the occasional retrograde rotation 
of the stars, for their elliptical orbits, and for the departure of these 
orbits from the equatorial planes of their controlling central bodies. 
What seem to be irregular nebulae may, in reality, be regular. 
The apparent forms of all irregular nebulae change surprisingly by 
the aid of higher telescopic powers, and their ultimate symmetrical 
forms may not yet be reached. Sometimes two or three regular 
nebulae may be seen one beyond another, and the whole may 
appear to us like a single irregular nebula. Many stars we know 
have lost their luminosity, and this loss in some nebulae may give 
them a torn and irregular appearance. While our solar system 
may be accounted for by the action of gravity, the planets may 
nevertheless be arranged around the sun in no symmetrical order; 
and in like manner all the stars of a sidereal system may revolve 
around their common centre of gravity, but they may maintain no 
positions with respect to one another which would give the whole 
a regular appearance, especially at a long distance. Therefore, 
while we behold in the heavens many forms of sidereal systems 
which harmonize beautifully with the action of gravity, we cannot 
say that really there are any forms which may not have been pro- 
duced by that action. 

25. Among the many systems of stars, whatever be their sizes 
or their forms, there is a wonderful unity of structure. This unity 
flowed from their common origin by rotation and the abandonment 
of rings. The rings of Saturn are believed, from sound reasons, 
to be composed of meteorites, small stones, from the size of a peb- 
ble to a few inches, or a few feet or yards, in diameter. The ring 
of the asteroids is composed of similar small bodies, some of the 
larger reaching the diameter of a few miles. If the asteroids 
already discovered were arranged around in a ring at equal 
intervals, we would see them at distances apart of about five 
diameters of the moon. Soon these distances will be much less 
on account of their rapid rate of discovery. In the Milky Way the 
stars are so closely crowded that, to the naked eye, the ring appears 
unbroken. These three rings are one in a planetary system, one 
in a solar system, and one in a sidereal system. But whatever be 
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the system, or whatever the size, it is a matter of mathematical 
demonstration that they may have flowed from slowly condensing 
nebulous matter rounded and rotated by gravity. Light crosses 
the diameter of the rings of Saturn in about a second of time. It 
crosses the ring of the asteroids in about an hour. It crosses the 
ring of the Milky Way in about five thousand years. The forces 
by which the universe has been created operate in precisely the 
same manner, whether on a large or a small scale. The crystals 
of some minerals measure occasionally a foot in diameter, and 
often they are so small as to be invisible to the naked eye. But 
the microscope reveals their angles, their edges, and their planes 
to be shaped and proportioned, whether small or great, in exactly 
the same way. This identity of structure flows from identity of 
creative force. The stars occupying the space within the ring of 
the Milky Way are situated in a stratum or round disk, and this 
disk must be regarded as formed originally from a series of rings 
closely arranged one within another. We find the same arrange- 
ment in the far distant sidereal systems. The annular nebulm 
are but repetitions of the Milky Way. The planetary nebulm are 
repetitions of our own interior disk-like structure of stars. An 
elliptical nebula is the same, except that the rings and their result- 
ing stars were crowded more thickly toward the centre. A nebu- 
lous star is again the same with this difference, that it did not 
throw off all its material in the form of rings ; a considerable por- 
tion subsided in the centre as a great controlling sun in the system. 
And here we come to a form like our own solar system, the only 
difference being that our sun, while much smaller, has also a 
smaller number of revolving attendants. And what are the plane- 
tary systems of Jupiter, Saturn, and Uranus, but repetitions of the 
solar systems and of nebulous stars ? We have already seen how 
double stars and double nebulae are but different degrees of the 
same structure, and different illustrations of the effects of gravity, 
when rounding and rotating the various nebulous masses. These 
masses, differing in size, in shape, in density, and in situation, 
have left each one its own peculiar impress on the finished work 
of gravity. 

26. Our solar system has within itself more than four hundred 
different and independent motions. The twenty moons or satel- 
lites have each four motions : one of rotation on their axes, another 
around the planets, a third around the sun, and a fourth along the 
unknown orbit of the sun around the centre of gravity of our 
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sidereal system. The eight planets, the one hundred asteroids, 
and the three rings of Saturn have each three motions, and the 
sun has two. When we contemplate our solar system with this 
mazy complication of more than four hundred different move- 
ments, and then inquire what is the force which originally imparted 
all these velocities, approaching the very nearest to lightning 
speed, we evidently have before us one of the most difficult prob- 
lems that the human mind has ever encountered. Newton de- 
clared, “ It is not to be conceived that mere mechanical causes, such 
as gravity, could give birth to so many regular motions.” 44 These 
bodies may indeed persevere in their orbits by the mere laws of 
gravity, yet they could by no means have first derived the regular 
positions of the orbits themselves from those laws.” When New- 
ton made this a part of his Principia nothing could seem more likely 
to be true. The complexity of more than four hundred movements 
in a mazy dance, one within another, seems indeed beyond the 
reach of any one force. Hence his assertion has often been 
repeated by learned men, on both sides of the Atlantic, from his 
day down to our own. But now the grand truth breaks on our 
minds, with all the clearness of the sun, that gravity is really the 
force which gave birth to this intricate complication of so many 
motions in one harmonious system. After the announcement of 
the Copemican theory, one hundred and thirty years passed on, 
and Newton discovered that gravity is the indispensable force on 
which that theory is founded. After the discovery of Newton one 
hundred and ten more years passed away, and Laplace announced 
the nebular theory, accounting for the origin of the solar system; 
and since this announcement of Laplace, another seventy years have 
intervened, and now the discovery has been made that gravity is also 
the foundation of the nebular theory. So slow is the growth of 
human intelligence. Both the Copemican theory and the nebular 
theory are alike impossible without the action of gravity. By the 
one theory gravity now holds all the stars in their orbits ; by the 
other theory gravity originally gave all the stars their motions in 
those orbits. We can now tell the order of time in which the 
satellites of our system received each one their four several inde- 
pendent motions. The first was the motion along the unknown 
orbit of the sun around the centre of gravity of our sidereal 
system ; the second was the motion around the sun ; the third was 
the motion around the planets ; the fourth and last was the motion 
around their own axes. 
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But we are astonished, not merely at the coincidence between 
the action of gravity and the harmony of these four hundred inde- 
pendent movements in their complicated directions . In addition 
to this, there stands before us the wonder of the coincidence be- 
tween the velocities of these four hundred motions, — no two being 
equally rapid, — and their calculated velocities as due to gravity. 
I have elsewhere shown mathematically that all the planets and 
satellites of our system have precisely such velocities as are due to 
gravity, wanting only a small amount due to friction. In the con- 
traction of the nebulous sun the velocity of rotation coincided so 
nearly with the velocity due to gravity, that only one per cent, was 
lost by friction in a contraction of 250,000,000 miles in diameter* 
This friction was an absolute necessity, because the rotating exte- 
rior was moving over the unrotating or slowly rotating interior. 

I need say nothing to prove that the discovery of the projectile 
or centrifugal force in astronomy is quite as important as the dis- 
covery of the centripetal force, whether we look at its bearings on 
science, or on the moral and religious advancement of mankind. 
As the discovery of the centripetal force proved the Copemican 
theory to be true, and placed it on an immovable basis, so the dis- 
covery of the centrifugal force proves the nebular theory to be true, 
and places it on an eternal foundation never more to be shaken. 
Hitherto, in the history of creation, we have been able to go back 
by the teachings of geology to the period when our globe was all 
covered with water, no dry land anywhere appearing. Beyond 
that ancient period all was doubt or unverified conjecture. Now 
we can go back to the time when all matter was evenly diffused 
through all space as a thin vapor, millions of times more rare than 
hydrogen. In writing the doings of the great Creator we can 
make that far distant era our starting point, and from there we 
can come down with a firm and an assured tread through all the 
long tracts of time to our own day. 

* See " The Origin of the Stars, ” section 18th. 
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4. The Velocity of Nebular Rotation. By Jacob Ennis, of 
Philadelphia, Penn. 

I have been the first and the only one to demonstrate both the 
velocity of nebular rotation, and the force which causes that 
velocity. Nevertheless there are others who profess to have done 
both these things. The object of the following pages is to show 
that their professions are without foundation. 

I. The Velocity of Nebular Rotation. 

The late J.P. Nichol, Professor of Astronomy in the University 
of Glasgow, writing on the nebular theory, in his u Architecture 
of the Heavens,” letter 7th, says: “The nebular theory must 
yield a law accounting for the relation of the velocity of each 
planet to its distance ; it must show that the velocities or times of 
the revolution of the several planets are consistent with the 
account given of their origin. Now the inquiry which contains 
the reply to this query is not difficult, and has lately been taken up 
and completed by a young French geometer. The velocities of 
the several planets should clearly coincide with the period occupied 
by the sun in rotating on its axis at the time when his atmosphere 
extended to their present orbits . Now the times necessarily occupied 
by the sun in rotating in those earlier states are calculable ; and 
we find the most singular coincidence of theory with observation. 
Each planet revolves at present nearly in the time in which he 
must have rotated when the corresponding outer zone of his 
atmosphere was abandoned, — a circumstance which M. Comte 
considers as bestowing almost demonstrative evidence on the Neb- 
ular Cosmogony.” 

The very intelligent author of “The Vestiges of Creation” 
lays great stress on the same point in these terms : “ M. Comte, 
of Paris, has made some approach to the verification of the hypo- 
thesis, by calculating what ought to have been the rotation of the 
solar mass at the successive times when its surface extended to the 
various planetary orbits. He ascertained that the rotation corre- 
sponded in every case with the actual sidereal revolution of the 
planets , and the rotation of the primary planets in like manner 
corresponded with the orbital periods of the secondaries .” 

M. Comte himself in his “Cours de Philosophic PositifJ” 
says : “ From the whole of these comparisons I deduced the follow- 
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mg result : — supposing the mathematical limit of the solar atmos- 
phere successively extended to the regions where the different planets 
are found, the duration of the sun’s rotation was, at each of these 
epochs, sensibly equal to that of the actual sidereal revolutions of 
the corresponding planet ; and the same is true for each planetary 
atmosphere in relation to the different satellites.” 

These calculations of Comte are not what we would suppose 
them to be from the several descriptions. They do not begin with 
the first very slow rotation of our nebulous sun, and show how and 
xchy that rotation must of necessity increase during the progress 
of contraction, and from time to time equal all the planetary 
velocities. On the contrary, M. Comte merely compared the cen- 
trifugal and centripetal forces at the equatorial surface of our 
nebulous sun when it was expanded to the orbits of the several 
planets. He found that in the nebulous sun then, as in the planets 
now, these two forces would be equal at those distances and with 
those velocities. But this is merely a truism. If it be true of the 
present planets, it must have been true of the nebulous sun’s equa- 
torial surface, providing the distances and the velocities were the 
same in both cases. Because with the same distance and velocity, 
the centrifugal force must for ever remain the same ; and, again, 
at the same distance from the centre of the sun, gravity or the 
centripetal force cannot vary. But this is not the problem 
which we demand. We demand to know how or why the nebu- 
lous sun received those velocities at the several planetary orbits, 
so that the centrifugal and centripetal forces might be equal. This 
is what I have shown, and this is the solving of a problem entirely 
different from that of Comte, which has been so often quoted. 

But in truth Comte did not find this exact equality between 
these two forces, but only an approximation. And when he made 
the two forces equal, he found a difference between the time of the 
planetary revolution and the time of the solar rotation. He says : 
“ It is remarkable that this difference, though increasing as the 
planet is more distant, preserves very nearly the same relation to 
the corresponding periodic time, of which it commonly forms the 
forty-fifth part.” Prof. Nichol says : “ This difference, so far from 
overthrowing the presumption arising from the close correspond- 
ence, only opens more engrossing questions. The difference be- 
tween the two periods must have originated in some laws and 
definite actions, although they are yet unknown. Future analysis 
will unquestionably detect these laws.” Several years ago, in look- 
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in g over this matter, I “ detected these laws.” The discrepancy 
results from the former erroneous determination of the earth’s dis- 
tance from the sun. The earth’s distance determines the distances 
of all the other planets. Recently our earth’s distance has been 
ascertained to be about 3,000,000 miles shorter. This makes 
the distance of Neptune about 100,000,000 miles shorter. The 
former erroneous distance caused an astonishing discrepancy be- 
tween the centrifugal and the centripetal forces ; or between the 
times of revolution of the planets and the nebulous solar rotation, 
if we assume the two forces to be the same. I have spoken of 
this in “ The Origin of the Stars,” pp. 237-8. The planets have 
been assumed to be further distant than was the surface of the 
nebulous sun when they were parted as rings. Comte says 
this discrepancy in their periods of revolution becomes greater and 
greater as we pass to the more distant planets. This I also found ; 
and it is because the erroneous distance of the earth becomes 
repeated so much oftener in the cases of the more distant planets: 
in Neptune, whose distance is thirty times that of the earth, it 
becomes the most glaring of all. 

E. Loomis, LL.D., Professor of Astronomy in Yale College, 
gives a statement of his own on the velocity of nebular rotation. 
It is contained in his “ Elements of Astronomy,” published in 1869. 
The title and tenor of his 448th section is as follows: — 

“How the Nebular Hypothesis may be tested. This hypothesis 
may be tested in the following manner. The time of revolution of each of 
the planets ought to be equal to the time of rotation of the solar mass at the 
period when its surface extended to the given planet. Let us then suppose 
the sun's mass to be expanded until its surface extends to the orbit of Mer- 
cury. If we compute the time of rotation of this expanded solar mass, we 
shall find it to be nearly four months, which corresponds with the time of 
revolution of Mercury. If we suppose the sun’s mass to be farther ex- 
panded until its surface extends to each of the planets in succession, we 
shall find by computation that the time of rotation of the expanded solar 
mass is very nearly equal to the actual time of revolution of the correspond- 
ing planet. 

“ So, also, if we suppose the earth to be expanded until its surface extends 
to the moon, we shall find by computation that its time of rotation c one- 
sponds nearly with the time of the revolution of the moon. In like man- 
ner, if we suppose each of the primary planets to be expanded until its 
surface extends to each of its satellites in succession, we shall find that its 
computed time of rotation is very nearly equal to the actual time of revoln- 
tion of the corresponding satellite.” 
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This statement of Prof. Loomis contains a new condition added 
to those of Comte, Nichol, and the author of the “Vestiges of 
Creation ; ” still it has the appearance of being the same, and I 
suppose he thought it was the same. He says, “ Let us suppose 
the sun’s mass to be expanded until its surface extends to the orbit 
of Mercury, then we shall find by computation its time of rotation 
equal to a revolution of that planet, and so on corresponding suc- 
cessively to all the other planets.” But, in reality, we shall find a 
vastly different velocity. Instead of 110,000 miles per hour, the 
velocity of Mercury, the time of the sun’s rotation at his orbit 
would be less than fifty-six miles per hour. At our earth’s orbit, 
instead of being 68,000 jniles per hour, it would be less than 
twenty-two miles per hour. At the orbit of Neptune, instead of 
being 12,500 miles per hour, it would be less than one mile per 
hour. These numbers of mine result from the principle of the 
conservation of areas ; they are found with sufficient nearness in 
this way. The sun’s radius vector — the line from his centre to his 
equatorial surface — must sweep over equal areas in equal times. 
That radius is now 441,000 miles ; his rotation velocity per hour is 
4,500 miles ; therefore the area swept over per hour in miles is very 
nearly 441,000 X 4,500 -f- 2. When expanded to the orbit of Mer- 
cury these numbers, to yield an equal area, must be Mercury’s dis- 
tance, 35,550,000 X 56 -r 2 very nearly. When expanded to the 
earth’s orbit the numbers must stand, — earth’s distance 92,000,000 
X 22 - 7-2 nearly. When expanded to Neptune these velocity 
numbers, fifty-six and twenty-two, dwindle down to less than one. 

The error of Prof Loomis’s statement is seen at a glance when 
we compare the sun’s velocity of rotation, now 4,500 miles per hour, 
and his velocity when expanded to the orbit of Mercury. Then it 
must have been equal to Mercury’s present velocity, which is 
110,000 miles per hour. How in the process of expansion can this 
increase of velocity be obtained ? By no known means. Expanr 
sion would produce a much less , instead of a much greater 
velocity. The same difficulty opposes the statements of Comte 
and of all others, until my own. If the sun rotated with a velocity 
of 110,000 miles per hour when expanded at the orbit of Mercury, 
then it should increase, and not lessen its velocity to 4,500 miles 
per hour, when contracting to its present dimensions ; the same as it 
increased its velocity at the orbit of any planet when contracting 
all the way from Neptune to Mercury. Why did not the sun keep 
on regularly as before increasing its velocity inside the orbit of 
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Mercury ? All writers on the nebular theory, both friends and foes, 
before myself, overlooked this difficulty. No one ever conjectured 
the cause until it was published by myself in w The Origin of the 
Stars,” section twenty-two. 

The same difficulty occurs also, though in a lesser degree, outside 
the orbit of Mercury all the way to Neptune. In the course of 
contraction the radius vector of the nebulous sun, instead of sweep- 
ing over equal areas in equal times, swept in fact over smaller and 
smaller areas at the distance of every succeeding planet. This 
would have stood as a valid objection to the nebular theory. But 
happily I discovered that nebular rotation must necessarily begin, 
in nearly all cases, not at the centre of the nebula, as all previous 
writers had supposed, but on the surface. This surface rotation 
must of necessity be retarded by friction on the unrotating inte- 
rior ; hence the radius vector must sweep over smaller and smaller 
areas in proportion to the amount of retardation . But in a gene- 
ral sense the principle of equal areas in equal times holds true ; 
because what is lost in velocity by the particles on the exterior is 
gained by those of the interior. The sum of the areas swept by 
the radii vectores of all the particles must be a constant quantity ; 
but practically these areas cannot be computed, because we do not 
know the densities of the several strata of the nebula, and hence 
we do not know the positions of the particles, or the lengths of 
their radii vectores . Nevertheless on Prof. Loomis’s plan, and 
what appears to be the plan of Comte, Nichol, and others, the 
principle of equal areas in equal times must be followed out with a 
single radius vector extending from the sun’s centre to his surface ; 
and then the absurdity of their statements soon becomes manifest. 

Nothing but the principle of retardation can explain the 
apparently discordant velocities necessary in the nebular theory, 
and according to my calculations this retardation comes in, not at 
last as a mere makeshift, but in the very beginning as an unavoida- 
ble condition in nebular rotation. 

II. The Cause of the Increasing Velocity in Nebulae 

Rotation. 

The reason why all previous writers were unable to calculate the 
increasing velocity of nebular rotation was because they had not 
discovered the cause of that rotation, or of its increasing velocity. 
But a cause they nevertheless assigned, and I am now to show 
that their cause was not the true one. 
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Nichol, in his seventh letter in the “ Architecture of the Heavens,” 
says : “ The condensation of a diffused and a comparatively slow 
whirlpool cannot take place without a great and growing increase 
in the velocity of its rotation, inasmuch as the momentum or 
amount of rotatory force must, in all its stages and conditions, con- 
tinue the same.” Here “ the increase in the velocity of rotation ” 
is ascribed to “ the momentum of rotatory force.” This, indeed, 
when once imparted, from whatever cause, might produce an 
increase in angular velocity ; but an increase in linear velocity is 
necessary. Hence all the planets, beginning with Neptune and 
coming down to Mercury, have, in each case, a greater and greater 
linear velocity, — Neptune 12,500 miles per hour, the Earth, 68,000, 
and Mercury, 110,000. But mere “ momentum ” or “inertia ” can- 
not increase its own linear velocity. It can increase only its angu- 
lar velocity, if transferred nearer the centre of rotation. But an 
increase of angular velocity, with no increase of linear velocity, 
will not give a centrifugal force equal to the centripetal force at a 
nearer distance toward the sun’s centre. The equality of those 
two forces are necessary to separate a nebulous ring and form a 
new planet or satellite. 

Stephen Alexander, LL.D., Professor of Astronomy in Prince- 
ton College, N. J., in his elaborate essay on the nebular theory, in 
“Gould’s Astronomical Journal,” Yol. n., says : “ By a contraction 
from loss of heat there would result an increase in angular velocity 
of rotation, the momentum remaining unchanged.” This is the same 
doctrine as that of Nichol ; momentum, no matter how acquired, is 
the cause of an increase of angular velocity of rotation. Not a 
word is said of an increase of linear velocity, which is absolutely 
necessary. 

The late Professor Sears C. Walker, while discussing the nebu- 
lar theory in the “ Proceedings of the American Association for the 
Advancement of Science,” second meeting, p. 218, says : “ If a 
planet in a primitive state existed in the form of a ring, revolving 
around the sun, the momentum of rotation must, by virtue of the 
principle of conservation of movement, have existed in some form 
in the ring.” This is plainly the same doctrine as that of Alexander 
and Nichol, and needs no additional remarks. 

Robert Grant, F. R. A. S., in his “ History of Physical Astron- 
omy,” p. 162, says : “ Now it follows immediately from a well-known 
principle in mechanical science, that when a body is endued with a 
rotatory motion, and not exposed to the action of any extraneous 
forces, the principal moment of inertia, or, in other words, the sum of 
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the products formed by multiplying each particle into its angular 
velocity and the square of its distance from the axis of rotation, is a 
constant quantity. The number of particles then remaining the 
same, if their distances from the axis of rotation be diminished, 
their angular velocities must be increased, and vice versa? 

Whatever be the reason for the truth of the above proposition, 
involving “ the angular velocities,” and “ the squares of the dis- 
tances,” it is manifest that Grant assumes as the reason, that the 
original “ moment of inertia is a constant quantity.” His view, 
therefore, respecting the cause of increasing rotation velocity, is 
the same precisely as that of Nichol, Alexander, and Walker. He 
wrote the above not of a contracting nebula, but of our present 
earth contracting from loss of heat. But the reason for both must 
be the same. Nothing in his statement shows him to be aware 
that an increase in linear, as well as in angular, velocity would be 
the result of contraction, and that gravity would be the cause of 
that increase. I have quoted his language merely to show how 
even learned men may not understand the reasons for a mathe- 
matical formula, and yet may be able to work correctly by such 
formula. 

I have now finished what I proposed to say of the followers of 
Laplace in their advocacy of the nebular theory. A very few 
words are necessary about the great master himself. All that he 
wrote, that I am aware, of the nebular theory, I have carefully copied 
in Appendix V. of “The Origin of the Stars.” On p. 381-2 
he speaks of the conservation of areas, but derives no benefit from 
the application of that doctrine to his grand theory, except that in 
the contraction of the sun there must be an increase of velocity of 
rotation, whether angular or linear he does not say, and perhaps 
he did not think. But he did not prove, what is absolutely essen- 
tial to prove, how this velocity of rotation could become great 
enough to afford a centrifugal equal to the centripetal force. He 
saw well enough that these two forces must be equal for the aban- 
donment of an equatorial ring ; but how to make them equal by 
simple contraction, or whether that was really possible, he did not 
show. Hence after announcing his splendid theory, one of the 
very grandest achievements of the human mind, he closes with 
these rather melancholy words : “ This origin of the arrangements 
of the planetary system I offer with that distrust which every 
thing ought to inspire which is not the result of observation or 
calculation.” In this condition the nebular theory lay for about 
seventy years, and of this Professor D. Kirkwood, LL J)., of the 
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University of Indiana, is one of the best judges. In “ Silliman’s 
Journal,” Vol. XXX., p. 161, his language is as follows : tt Cogent 
arguments, it is true, were adduced by Laplace and Pontecoulant 
in favor of the nebular hypothesis, but very little has since been 
accomplished tending either to invalidate or confirm it.” 

My own discoveries have at length placed the nebular theory on 
a firm mathematical foundation. The chief of them are these : 
1st. That gravity must necessarily and unavoidably produce rota- 
tion as well as rotundity in all nebul®. 2d. That gravity may in- 
crease that rotation so rapidly as to afford a centrifugal equal to 
the centripetal force. 3d. That in nearly all nebul® forming solar 
and planetary systems, rotation must begin on the surface, and 
hence must be retarded by the unrotating or slowly rotating 
interior. This retardation accounts for a vast number of most 
important stellar phenomena. Nothing in my calculations opposes 
the doctrine of equal areas swept by the radius vector in equal 
times. If the nebula forming our solar system, and extending at 
first half way to the nearest fixed star, had originally a rotation 
velocity of only the one-third of a mile per hour, then its radius 
vector would have swept over an area equal to that of Mercury, 
whose orbital velocity is 110,000 miles per hour. 

In speaking above of Laplace I should have added that he not 
only said nothing about the precise velocity of nebular rotation, 
but he gave no cause whatever for the origin of that rotation. 


5. Cosmogony. By L. Bradley, of Jersey City, N. J. 

The nebular hypothesis of creation, as suggested by Laplace, 
has, with some modifications, been a favorite theory with me for 
many years, and one by which I have been able to account for the 
phenomena of nature more satisfactorily to my own mind than by 
any other. This theory, as I accept it, implies the assumption of 
certain fundamental truths and laws, which have been well estab- 
lished by modern science, and have ceased to be hypotheses ; viz. : 

v Matter and Force 

are everlasting and indestructible. There is no annihilation or 
new creation. The question whether there are ultimate, indivisi- 
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ble atoms , or whether matter is infinitely attenuable, is as yet 
unsettled. Mayer says: “We do not know whether atoms 
exist. An atom cannot be made an object of our investigation.” 

Ether 

pervades and fills all space, and the interstices of all ponderable 
matter. It is an inscrutable, mysterious principle ; a spirit or an 
entity, in, by , or from which is developed all force; all the phe- 
nomena of nature : gravitation, heat, light, electricity, polarity, 
magnetism, chemical affinity, vitality, mechanical action, — in short, 
all kinds of energy, force, or motion. All the apparently distinct 
forces are affections of matter, and are convertible one into another: 
there is perfect correlation among them. A force exerted in one 
form at this moment may, in a day or a minute, be observed in 
one, two, or ten other modes of force ; or it may be stored up and 
conserved for future development and future use. 

According to Dr. Faraday, a single drop of water contains 
chemical relation sufficient to develop a powerful flash of light- 
ning. A single pound of coal contains a conservation of force 
sufficient to raise many tons a foot in height. To be more exact, 
Rumford has demonstrated that the perfect combustion of one 
pound of carbon develops the force of 11,120,000 foot-pounds. 

Every force has its correlative counter force. Every positive 
has its negative. Action and reaction are absolutely equal through- 
out all nature. 

All the modifications of force consist in varied forms of undu- 
lation of ether, or of matter, somewhat as sound consists in undula- 
tion of matter. 

If this theory be true as to light, heat, and electricity, which is 
now well established, why not as to all the other affections of mat- 
ter into which, and from which, they are all convertible ? 

All matter is susceptible of three modes of existence, — the 
solid, the liquid, and the gaseous or nebulous , — and the several 
transformations are effected by heat and cold. Only 180° Fahr.are 
sufficient to resolve solid water into nebula; 702°, mercury; solid 
zinc fuses at 773°, and evaporates at less than 1000°. A few thou- 
sand degrees are sufficient to resolve all the component matters of 
the earth’s crust into nebula. I have entertained the hypothesis 
that matter may be resolved into a fourth* state, infinitely attenu- 
ated and constituting the universal ether . This must preclude the 
notion of ultimate atoms, and must suppose an extended attenua- 
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tion of the individual molecules of nebula, and that in this state 
they become a homogeneous, and an almost non-resisting medium. 
A plausible argument in favor of this is based upon the fact that 
no physicist has ever yet been able to produce a perfect vacuum ; 
in the Torricellian vacuum, at the top of the barometer, the space 
is filled with the vapor of mercury. The tendency of all matter 
to attenuate when all pressure is removed is well known. Why 
may not this, then, constitute the rationale of the Universal Ether , 
and admit the supposition that all space is filled with matter in 
some form ? 

The telescope brings to our view matter in every visible state, — 
the highly attenuated nebula, nucleated nebula, and the perfect 
star. 


The Solar System was once a Nebula. 

How came it so ? 

By the patient and indefatigable researches of Herschel, Struve, 
Peters, Maedler, and others (Bessel having first led the way), we 
are invested with the knowledge that the sun, in company with the 
other masses of the Milky Way, are all in motion, and that they 
are all moving in nearly the same direction. 

Combining the profound researches of Argelander, Struve, and 
Peters, we are now able to pronounce the following wonderful 
results: — 

The sun, attended by his planets, satellites, and comets, is 
sweeping through space, towards the star at, in the constellation 
of Hercules, with a velocity of 33,350,000 miles per annum. It is 
further demonstrated that we are all in the course of a great astral 
revolution, the centre of which M. Maedler has shown to be in the 
bright star Alcyone, near the centre of the beautiful little cluster, 
the Pleiades. This fact has been confirmed by others. 

To give some idea of the vastness of the scale on which this 
great structure is erected, I will give a few figures : — 

The star *r, in Hercules, being a star of the third magnitude, is 
at such a distance from us, that its light in coming at the rate of 
12,000,000 miles per minute requires forty-five years. It will take 
then 8,516,294 years for the sun to reach the point in space where 
that star now resides. 

Light to come from Alcyone at the great astral centre, which is a 
star of the fourth magnitude, requires about sixty-five years, — 
34,187,400 minutes. This multiplied by 12,000,000, the distance 
A. a. a. s. VOL. xix. 7 
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which light travels per minute, gives 410,248,800,000,000 of miles, 
and this divided by 33,350,000, the distance passed over by the sun 
in a year, gives 12,301,000 years for the sun to move that distance; 
and this is only the radius vector of the great orbit of the sun, 
which we may multiply by six for the time required to perform a 
single revolution, which is 73,806,000 of years. Should it be demon- 
strated, however, that this great orbit is a very eccentric one, and 
that the sun is now in aphelion, or more properly aphalcyon, and 
moving at a slow rate of speed, then the estimated time of 
revolution would be much reduced, — say to 30,000,000 years. 
Even these figures are enough to astound the imagination. But 
we must lay aside our childish modes of thinking, and learn to 
view Nature as she is, in both the infinite and the infinitesimal 
How strangely the foregoing figures contrast with the following: 
In bringing the microscope to our aid, it is said that a single grain 
of the polishing powder tripoli presents to our astonished view 
2,000,000 of the skeletons of once living beings, and that each 
filament of the spider’s web, of which it would take 36,000 to 
make the thickness of a thread of common sewing silk, is composed 
of 6,000 finer filaments which were secreted by 6,000 perfect glands. 

I ask now, would it not be reasonable to suppose that the sun 
might, somewhere in the course of his great astral round, find him- 
self in a region of cold, a greed astral winter , where all would be 
chilled and congealed ; and then, in the course of a few millions of 
years, reach a climate more mild, a great astral summer , in which 
a temperature many degrees higher than that required here to 
gasify all matter might be found, and where all would again be 
resolved into nebula ? 

Is not this in harmony with Nature’s laws as we see them dis- 
played everywhere ? 

When I commenced to write this paper, I supposed that I was 
the first to conceive this idea of an astral winter and summer, but 
I have since found in an essay on heat by Grove, a paragraph in 
which he says : “ It is quite conceivable that the whole solar system 
may pass through portions of space having different temperatures, 
as was suggested, I believe, by Poisson ; that, as we have a terres- 
trial summer and winter, so there may be a solar or systematic 
summer and winter, in which case the heat lost during the latter 
period might be restored during the former.” 

I do not grieve at my privation of the honor of being the first 
to conceive so grand an idea ; but am rather pleased to know that 
I was inspired to think as great men had thought. 
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This great astral summer having resolved our sun and his 
attendant planets, satellites, and comets into a nebula, let us trace 
the operation of the well-known laws and forces by which he 
would be restored to his present condition. 

To be rational, an hypothesis in physical science can admit noth- 
ing supernatural : all the phenomena pertaining to it must be in 
harmony with itself, and with Natures laws , the laws of the great 
first cause, — God. 

As the Nebular Theory is understood by some, it is taught that 
all the matter of the universe was once in a nebulous condition, 
infinitely attenuated, and uniformly diffused throughout infinite 
space. I do not so accept the theory. It appears to me that there 
would not be heat enough to maintain all matter in a condition 
so attenuated ; or if there were, whence could the heat radiate, so 
as to admit of contraction by gravity, and where would be the 
centre of gravity, or many centres, as we see now ? 

I prefer to assume that 


Motion 

is a principle as universal and eternal as matter and force; that it 
always has been, as we now see it, the universal order of Nature. 

Grove says, and I think truly : “ Of absolute rest Nature gives us 
no evidence. All matter, as far as we can ascertain, is ever in 
motion, not merely in masses, as with the planets and spheres, but 
also molecularly, or throughout its most intimate structure ; thus 
every alteration of temperature produces a molecular change 
throughout the whole substance, heated or cooled.” 

All matter, both organic and inorganic, is moving in obedience 
to and under control of a most beautiful and harmonious code. All 
is changing, revolving, disappearing, and reappearing in the most 
fanciful order, and such, I think, has been the rule of things from 
eternity. The matter of the solar system has alternated between 
nebula and solid, perhaps, millions of times, and all the visible stars 
and nebulae have, each in its turn, done the same ; but they were 
never all in the same condition at one and the same time. 

The question now arises, Whence the extreme heat and intense 
cold of those great summers and winters ? 

If our hypothesis of a fourth state, or mode of aggregation of 
matter, and of its infinite attenuation, constituting the Universal 
Ether, be admitted, it follows that ether itself, like matter in the 
solid, liquid, or gaseous state, is subject to the law of universal 
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gravitation, and is, therefore, ponderable in proportion to its den- 
sity, and its density must be inversely proportional to its distance 
from surrounding centres of gravity ; and yet its density at all 
points must be such as to entirely fill the interstellar spaces. 

Ether, then, is an elastic fluid, — a positive, substantial entity,— 
and, as Tyndall properly says, “ it makes the universe a whole, and 
renders the intercommunication between star and star possible.” 

Admitting the wave theory of light and heat as we now do, we 
are struck with astonishment in contemplating the amount of heat 
force propagated by the undulation of ether from the sun to the 
earth, — a force sufficient to evaporate, and to elevate to the mean 
height of the clouds from the ocean, more than 2,000,000,000 tons 
of water in every minute of time. 

If the heavenly bodies are thus floating in ether, and if the ether 
is more or less dense, according as the number of bodies floating in 
it, in a given space, is greater or less, it would scarcely seem to 
require argument to convince one that if the mass constituting the 
solar system were, in the course of its revolution, to pass from a 
region of great rarity and intense cold, and plunge with accelerated 
velocity into a region of great ethereal density, where great num- 
bers of heavenly bodies are clustering in close proximity, and, per- 
haps, in a nebulous state, the impact alone would be sufficient to 
gasify and convert it into nebula, thus producing a great summer. 

We are not without evidence of the effect of impact under cir* 
cumstances quite similar. Witness the meteor which we may see 
on any clear night : at first, a solid substance, but, on coming into 
our atmosphere, in a region high up, of extreme rarity and intense 
cold, it is first heated to flame, then gasified, and finally dissipated. 
Pressure by impact is probably, therefore, one important source 
of the heat incident to a great summer. How many and what 
others there may be, we do not know. 

Now let us suppose our solar nebula, of some 10,000,000,000 of 
miles in diameter (this is probably not more than the truth, for 
the orbit of Neptune is near 7,000,000,000), balanced in space, just 
at the point of maximum heat where the contracting force of grav- 
itation and the expansive force of heat are balanced. We may 
now suppose its mass, in itself, to be in a state of quiescence; the 
heat which it radiates, and that which it receives, are equal; it is 
neither contracting nor expanding. But such a state can continue 
only for an instant ; the mass is moving in its orbit, and passing 
into a colder region ; it is now radiating faster than it receives; 
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gravitation is free to act, and the mass is contracting and falling 
toward a common centre. 

What may we now expect to see ? What do we see when a fluid, 
either elastic or non-elastic, is gathering toward a common centre? 
What do we see in the common funnel when we fill it with liquid, 
and let the liquid flow through it? 

Rotation 1 

Not necessarily so ; but the chances are vastly in favor of rota- 
tion, and when once commenced rotation increases with acceler- 
ating force. 

The effect of rotation is to incline matter to separate and go oft 
in a tangential direction, as we see the particles flying off from the 
rapidly rotating wheel; but gravitation restrains this tangential 
tendency, and holds the matter to its rotation, and the force be- 
comes only a centrifugal force, counteracting and opposing the cen- 
tripetal force of gravitation. 

The centrifugal force increasing, an equatorial belt swells out ; 
the poles are depressed, and the mass becomes an oblate sphere. 

Condensation 

from cooling now supervenes, and renders the exterior equatorial 
matter less mobile or more viscid ; and this also tends to counteract 
gravitation, and, the specific gravity being increased, centrifugal 
force is still more increased, and, finally, in a portion of the equa- 
torial protruding belt, the centripetal and centrifugal forces become 
equal, and being thus equal and perfectly balanced, it ceases to fall 
and stops in the form of a ring ; but its revolving tendency is not 
interrupted. 

The interior mass, being now relieved from its exterior encum- 
brance, is more volatile, and goes on falling as before, until, in 
obedience to the same laws, another ring detaches itself; then 
another, and another, till the sun has finally settled down to its 
present dimension of 883,000 miles in diameter. 

Returning now to the first ring, we find that it has been gradu- 
ally but constantly radiating its heat, and contracting ; and that on 
one side, from some unknown cause, it has separated, and the 
annular mass, under the influence of its own interior gravitation, 
has, without the least shock or disturbance, gathered itself together 
in its grand orbit, in which it is still moving, with the same velocity 
and at the same distance from the prime centre as when it first 
separated. 
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The same laws were operative in the separation and formation 
of satellites as of primaries. An interesting fact in support of onr 
theory is, that two of the off-shoots from Saturn still maintain 
their status as rings ; no defect in their integrity having admitted 
of rupture. 

After Jupiter had been segregated, it seems reasonable to sup- 
pose that the remaining primary mass might have been in some 
way unusually perturbed, *so that the succeeding ring had many 
weak points, admitting of its breaking and forming many 
asteroids. 

The mode of cometary segregation is different from that we 
have been considering ; the tangential force, aided by heat, being 
the principal agent, which, modified by gravitation, gives the 
comets their extended and extremely elliptical orbits. 

Cometary matter may have been thrown of£ either from the 
prime solar mass, the primaries, the secondaries, or even from 
comets themselves. 

The orbits of all the planets are elliptical, and those of the 
comets exceedingly so. The sun is always in one of the foci 
of the orbit, and the movement when in perihelion is more rapid 
than when in aphelion. 



According to Kepler, the radius vector of an orbit describes 
equal areas in equal times. If we suppose the areas of tS and S, 
in the figure, to be equal, the body will move from a to b in the 
same time as from c to d. 

One comet has been observed to occupy but two hours in pass- 
ing from node to node, a distance of 1,500,000 miles ; with so rapid 
a movement and so quick a curve as that, would not a portion of 
matter be very likely to go off upon a tangent? 

May we not suppose that possibly there may be some little 
comet performing its round every few years, which gives off a little 
spray at every perihelion passage, furnishing us with those brilliant 


Digitized by ^ooQle 



mathematics and astronomy. 


55 


meteoric displays, from time to time, of which so much has been 
said and written ? 

It has been objected to the Nebular Theory that it fails to 
account for the eccentric movements of Herschel and Neptune, and 
the movements of Herschel’s moons. 

It seems to me that this may be explained on the supposition 
that the prime nebular mass was not a round and perfect sphere, 
but was irregular in its contour, eccentric and irregularly ovoid, and 
that this may account for the apparent irregularities as well as for 
the eccentricity of all the planetary orbs. 

That finite minds cannot fully comprehend the modus operandi 
of some of the heavenly bodies is no good reason for rejecting a 
theory which accounts so beautifully for so many of the physical 
phenomena, and for still clinging to old hypotheses which account 
for nothing without doing violence to the principles of modern 
science. 

Wiser heads may yet, and very soon, account rationally for what 
now seems mysterious. 

The admirable and rational doctrine of correlation, conserva- 
tion, and conversion of forces, before alluded to, must not be over- 
looked, and ours is the only theory that can harmonize with it and 
carry us back to a consistent beginning of the present order. 

Some better and more rational theory than has ever yet been 
sought out must be offered before we can yield up this. 

We find strong support in the remarkable relation which exists 
in the times, distances, and movements of the planets, showing a 
complete family relation among them. 

I will give a simple rule, derived from a discovery of Bode, by 
which any one, for himself can determine, nearly, the distance from 
the sun, and the time of revolution, of any primary planet. 

For distance of planets from the sun add four to each of the fol- 
lowing geometrical series of numbers: 0 — 3 — 6 — 12 — 24 — 
48 — 96 — 192 — 384, — and we have the following numbers to 
represent the proportional distances of the several planets : — 


Mm. 

Van. 

Earth. 

Man. 

Art's 

Jupt. 

Sat. 

Han. 

Nept. 

4 

7 

10 

16 

28 

62 


196 

888 


Then we proceed by the following proportion, — 10 : the earth’s 
distance [95,000,000 miles] : : the number for any other planet : its 
distance in miles. 
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The first line following gives the distances as computed by this 
rule ; and the second, as given by astronomers, in round numbers, 
in millions of miles : — 


Hero. 

Ven. 

Earth. 

Mart. 

Aat’B. 

Jupt. 

Sat. 

Hera. 

Nept. 

88 

66.6 

96 

162 

266 

494 

950 

1.862 

8.686 

87 

68 

96 

142 


490 

900 

1.800 



For time of revolution, Kepler has demonstrated that “the 
squares of the times of revolution are to each other as the 
cubes of their mean distances.” I need but state the law to give 
the rule. 

It would seem by this that Mercury is the last planet that can 
be thrown off. 

Let us now direct our attention to the sun and his sources of heat 
Condensation always develops heat. The falling together of matter 
produces heat. The matter of our solar system which has not gone 
to form planets, satellites, comets, or meteorites, has fallen into the 
domain of the sun ; and the matter which has fallen, as well as that 
upon which it has fallen, has become heated by the concussion and 
pressure (impact). But these are not the only sources of heat to 
the sun. As the molecules of matter have approached each other, 
they have slowly and gradually come within the sphere of chemi- 
cal attraction, whose action, in combining chemically the elements 
of matter, is by far the greatest source of free heat of any and all 
others combined. This fact may be illustrated in many ways. 
Witness the burning of gas, and combustion of all kinds. Ob- 
serve the combination of oxygen with a few grains of magne- 
sium on heating. It is one of the lightest metals, yet its chemical 
relations are such as to develop intense light and heat in burning. 
In this we have true solar light and heat, which has been carefully 
conserved, stored up, and handed down to us for our present amuse- 
ment and instruction. It was once a part of the sun ; it is now an 
integral of the earth, and the earth was once an integral of the 
sun. 

It was a favorite idea of Mr. George Stephenson that the light 
which we nightly obtain from burning coal, or other fuel, was a 
reproduction of that which had, at one time, been absorbed by 
vegetable substances from the sun. 

Under the operation of the laws and forces before mentioned. 
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the sun has become, as we see it, a molten mass of incandescent 
matter, glowing with intense light and heat. 

Let us examine it. 

The telescope brings it near, and we discover that its disc is 
not uniformly bright. There are scattered upon it small dark spots, 
which are in a state of continual change ; and again there are large 
black spots, surrounded by penumbrae, which are gradually shaded 
down from the black central part to the white light. They change 
from day to day, and even from hour to hour. They break up or 
contract, and finally disappear. They show all the signs of 
mobility, characteristic of masses floating in a molten liquid, and 
of melting and passing away. The spots are confined to a zone 
extending 30° each side of the equator, and they seldom continue 
longer than five or six weeks. They appear to occupy deep cavi- 
ties in an incandescent gaseous or semi-gaseous envelope, or cover- 
ing of a molten sea, and their penumbrae indicate what we might 
expect from currents converging and flowing in from the hot gase- 
ous atmosphere over the dark cavity. 

There are sometimes seen peculiarly marked lines, brighter than 
other parts of the surface, which are curved or deviate in branches. 
These are apparently immense waves on the solar sea, and seem to 
give evidence of disturbing causes there as well as here, producing 
winds, waves, currents, &c., only on a much larger scale. 

As to what these spots really are many fanciful notions have 
been broached. 

One is that they are the dark solid body of the sun itself laid 
bare to our view through openings in its luminous atmosphere. 
Lalande suggests that eminences, in the nature of mountains, are 
laid bare and project above the luminous ocean, appearing black 
above it. How he supposed these cold mountains got covered 
again, in the course of five or six weeks, we are left to conjecture. 

This hypothesis of a cold sun, with a luminous atmosphere, is 
quite in keeping with that other hypothesis which is based on the 
assumption of a cold opaque sun, invested with a luminous or 
phosphorescent atmosphere, whose rays, in passing through our 
atmosphere, become heated by friction. 

All such notions of a cold sun and cold sunbeams, bringing to us 
no other genial heat than what they get by friction in our atmos- 
phere, are, in my estimation, quite too chilling. To credit them 
would be to prostrate the beautiful doctrine of conservation of 
force and undulation of ether , so well taught by modern science, 

A. A. A. 8. VOL. XIX. 8 
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and so generally received by modern philosophers. Where could 
reside the conserved force necessary to endow an imponderable ray 
with the genial and vivifying heat of the sunbeam? Not in the 
atmosphere ; certainly not in the ray. It is inconsistent with all 
our present knowledge of force. 

It may not be out of place here for me to suggest an hypothesis 
in regard to the sun’s spots. 

When earthy matter, in a molten state, cools by radiation and 
crystallizes, it is lighter than the molten mass, and consequently 
floats upon it ; but when the crystalline mass cools it contracts, be- 
comes heavier, and tends to sink. 

After contemplating the peculiar appearances, motions, and evo- 
lutions of the sun’s spots, may we not conclude that it is possible, 
nay probable, that they are the manifestation of an effort on the 
part of nature, under the operation of well-known laws, at solar 
incrustation ? 

May not a mass, commencing to crystallize, extend its borders 
and increase upon its under surface, the upper portion at the same 
time cooling more and more, until the increasing specific gravity, 
aided by the buffetings of waves and currents, causes it to be sub- 
merged, and to melt and disappear? 

If the sun is approaching a great astral winter, as we have sug- 
gested, it seems reasonable to suppose that the spots will increase, 
and that, in less perhaps than a million of years, they may so accu- 
mulate as finally to coalesce and form a solid crust like that of the 
earth. Then the a god of day” will cease to shine, and will be 
counted among the lost stars. 

Now, according to the views which I have ventured herein 
to submit, the idea of a once universal chaos, from which all 
bodies appertaining to cosmic nature were created or evolved, is 
discarded, and that of the eternity of matter and motion is 
maintained. It is contended that all has ever been revolving, 
alternating, and changing in forms, and has never presented less 
of universal heterogeneity than at present. 

This, it seems to me, is in accord with the great doctrine of the 
present century, viz., that of the Correlation and Persistence of 
Force, and is entirely consistent with the attributes of an Infinite, 
Eternal, Omnipotent, and Omnipresent Gop. 
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6. Description of a New Form of Mercurial Horizon in 
which Vibrations are speedily Extinguished. By J. 
Homer Lane, of Washington, D. C. 

In the operations of the Office of Weights and Measures occa- 
sion has arisen for the use of the colligating mercurial horizon. 
This is not the place to report upon the special use to be made of 
it in this Office ; but an improvement has been made in the mercu- 
rial horizon itself which is likely to prove valuable for the purposes 
of practical astronomy. At the united request, therefore, of the 
Superintendent and Assistant Superintendent of the Office of 
Weights and Measures, I here communicate a description of it for 
the American Association. 

The improvement consists simply in reducing the depth of mer- 
cury in the trough to a very small quantity. This extinguishes the 
oscillations or waves which otherwise, upon the slightest causes, 
disturb the reflection when the horizon is used with a telescope. 

The least depth with which pure mercury will overflow a hori 
zontal non-metallic plane surface is a little over one-eighth of an 
inch. I£ however, the mercurial lake be left of this full depth at 
and near its boundary, with room for the capillary curve, then, in- 
side this encircling space, the bottom of the trough may rise as 
near as we please to the level surface of the liquid. The first 
trough which we have tried on this plan is the only one that has 
been used prior to this current week of the present meeting of the 
Association. It was a wooden trough, formed in the lathe, with a 
horizontal circular plane or plateau, of six inches diameter, on a 
level something like one-sixth of an inch higher than the bottom 
of the deepest part of a margin of two inches wide all around it. 
The deepest part of this depressed margin was in the middle of 
its width, the object of the gentle slope so produced both on the 
inner and outer side being to soften the horizontal shocks which 
may be communicated to the mercury. But I think this is of little 
importance or value, since the capillary boundary will still be the 
origin of ripples produced by vertical shocks. The ripples of the 
surface of a mass of mercury produced by tremors are observed in 
fact to have their origin mainly at the borders ; and this is the 
reason why the central flat plateau of the trough was made so 
large as six inches in diameter, while the clear aperture of the 
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telescope collimated over it was only from two to two and one-half 
inches in diameter. 

In preparing the horizon the trough was first set very nearly hori- 
zontal by a spirit-level. A sufficient quantity of mercury was then 
poured in to overflow the whole bottom of the trough, at least 
with the aid of a little displacement. The large excess of mer- 
cury was then drawn off through a small hole which had been 
made at the deepest part of the deepened margin, and closed by a 
little plug. The mercury was allowed to flow until the level of 
its surface sank to the indication of a gauge laid across the top of 
the trough, leaving a very thin layer only on the plateau. The 
effect of this artifice in curing the disturbance produced by tremore 
was charming and complete. 

But to secure this effect care must be taken that the depth of 
mercury on the plateau be reduced sufficiently. It is quite sur- 
prising to notice how small a depth is still sufficient to transmit 
across the plateau the little ripples that mar the sharpness of the 
reflection. I made no determination of the thickness used, but I 
think one-hundredth of an inch is small enough. It is easy, by 
gentle taps upon the trough as the mercury flows offi to notice 
when the ripples, with the diminishing depth, begin to grow slug- 
gish, and when the point is reached at which they quickly die out 
on the plateau. Although the depth is so small when this effect is 
thoroughly secured, it yet very greatly transcends the thickness of 
a mere bubble or film of capillarity, and therefore there is no room 
to anticipate that the surface of the plateau will have any influence 
upon the horizontality of the upper surface of the mercury. In 
point of fact the horizon above described has been under the sever- 
est telescopic test, and yet the irregularities of the plateau were 
not sufficiently copied by the mercurial surface to mar the defini- 
tion of the object-glass. To the same purpose I will state that on 
one occasion the trough was tilted slightly by pressure made on 
one side of it with a staff. Momentarily the mercurial surface 
tilted with the plateau, by a large quantity as seen in the telescope; 
but the changed inclination of the plateau being maintained by 
continuance of the pressure, the mercurial surface soon settled 
upon the inclined plateau into its original position of horizontality, 
any difference being at all events quite insensible in this imperfect 
experiment. We shall now, however, have opportunity to put this 
question to a more rigorous test with a cast-iron trough, which 
has just been completed, and which, by the kindness of Professor 
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Hilgard, I am permitted to submit, through him, to the inspection 
of the Association. 

This iron trough has a circular plateau of about six inches in 
diameter. The deepened margin around the plateau increases the 
diameter to six and one-half inches. This deepened margin, at its 
outer boundary, is extended downward all around in a very narrow 
annular passage to the depth of three-fourths of an inch below 
the level of the plateau, where it opens horizontally outwards into 
an annular reservoir, one-half inch wide, which surrounds the pla- 
teau, and rises a fraction of an inch above it. This annular reser- 
voir is closed air-tight above, but is provided with a screw-valve to 
control the passage of air. When this screw-valve is opened, and 
air forced in through a flexible tube with the mouth or otherwise, 
the mercury in the annular reservoir is forced through the annular 
passage and flows over the plateau, and is sufficient in quantity to 
flood it throughout. The continuity of surface over the plateau 
having been secured, the mercury is allowed to flow back into the 
annular reservoir; and the whole quantity of mercury may be 
adjusted so as to settle to the depth that is desired on the plateau. 
The rapidity of this return flow of the mercury may be controlled 
by checking the escape of air through the screw-valve. Should 
any accident cause the breaking of the film of mercury, the 
arrangement here described affords the means of its convenient 
and speedy renewal. The film will never break except by acci- 
dent. 

The screw-valve can also be used to suspend the return flow 
until the trough, which is furnished with levelling-screws, can be 
levelled by the surface of the mercury. Three steel points brought 
down upon the surface afford the means at once of levelling the 
trough, and of measuring the thickness of the film of mercury on 
the plateau. 
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n. optics. 

1. On Dispersion, and the Possibility of Attaining Per- 
fect Achromatism. By Edward C. Pickering, of Boston, 
Mass. 

When spectra are obtained with prisms of different materials, 
we find that the colors are unequally dispersed, one giving greater 
prominence to the red, another to the blue. Accordingly if we 
attempt to neutralize the effect of one by another, or to obtain 
achromatism, we always find that a certain amount of color re- 
mains, forming the residuary or secondary spectrum. Let us see 
what are the conditions, in order that this may disappear. Let 
a , be the angles of the two prisms, n, n' the indices of refrac- 
tion for any ray, and D , D the corresponding deviations. When 
the angles are small we have 

D = (n— 1) «,D'=(n'—l) 
or the deviation of both prisms . 

D" = D — ]y = (n — 1) a — (n' — 1) 

Now Cauchy has shown that the index of refraction of a ray of 
wave-length X is represented by the formula 

n = A + l+%+&c. 

Substituting in the above formula, we have, 

D"= + + •£+<&• — 1) ® — (A' + fi 4"^ + !) 

= (A - 1) <* - (A - 1) «' + Sa -/ - a -+£^- a -'+ < 6 c , 

and our condition is, that this shall be the same for all values of L 
By the rule for simultaneous equations all the co-efficients of l must 
equal zero, or 

_B«— A'<*' = 0, C«— <?«' = 0 or g,= g = £- 

The recent researches of Van der Willingen and others show 
that the succeeding terms may be neglected. Our last. equation 
may be written in the form |= ^ ; and we therefore see that, if we 

can find two substances in which this ratio shall be the same, by 
combining them we shall obtain perfect achromatism, provided the 
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angles of the prisms are in the ratio of B' to B. There is, how- 
ever, one exception to this rule, for if 


(A— 1) B< — (A 1 — 1) J5 = 0 or A = a ' b+ ?~ b , 

IS 


the value of D" becomes 0, and there is achromatism, but no de- 
viation. 

If we attempt to apply these principles to the measurements of 
Dale and Gladstone, or even to those of Fraunhofer, we find that 
the errors of observations are so great that but little reliance can 
be placed on the results. We find, however, that - for water, 


other liquids of small refrangibility, and crown-glass, is very small, 
and generally negative ; of flint glass, it is considerable and posi- 
tive; while with bisulphide of carbon, phosphorus, &c., it is 
positive and very large. The recent measurements of Van der 
Willingen afford data for more accurate calculation. In the fol- 
lowing table the index of refraction is given by the formula 


n = A-j- 


5(10)2 C(10)« 


A* 


+ 


X* 


X being given in millionths of a millimetre. The first five instances 
show the effect of adding sulphuric acid to water. The next three 
are measurements of distilled water, two by Yan der Willingen, 
the third by Fraunhofer, and show how uncertain these constants 
still are. The last three relate to more refrangible substances. 


Substanct. 

A 

B 

C 

c 

B 

Distilled Water 

1.823142 

86.01 

—48.8 

—1.36 

HO, SO, 23.29 

1.360940 

40.70 

—88.8 

—2.18 

“ 47.22 

1.380046 

46.74 

—123.0 

—2.69 

“ 71.97 

1.411199 

49.71 

—152.0 

—8.06 

“ 94.72 

1.419676 

46.04 

—116.1 

—2.68 

Distilled Water, V. d. W. 

1.323228 

86.30 

—52.6 

—1.49 

M M tt 

1.323002 

86.44 

—67.6 

—1.80 

“ “ F. 

1.323612 

86.70 

—66.1 

—1.86 

Flint Glass 

1.714602 

108.70 

+666.2 

+6.12 

Hydrate Cionamyl 

1.676443 

90.67 

+2074.0 

+22.90 

Essence Anise 

1.619745 

78.68 

+778.6 

+10.67 


If we had values of ? corresponding to all known transparent 
substances, we could at once determine which would be most suit- 
able for a lens ; it would, however, evidently be easy to select some 

substance as crown-glass, measure ~ for it, and then prepare a 
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liquid as a mixture of sulphuric acid and water of exactly the 
right dispersion. The lens might be made of two disks of glass 
with the intervening space filled with the liquid. It is claimed 
that in this way the great defect in the achromatic lens may be 
remedied. Spherical aberration might be avoided mechanically, 
if lenses could easily be ground to ellipsoids or hyperboloids; but 
the removal of chromatic aberration, which is inherent in the 
nature of the substances used, has heretofore been generally con- 
sidered impossible. 


2. On Methods of Illustrating Optical Meteorology, par- 
ticularly the Formation of Halos and Coron^e, accord- 
ing to the Theory of Bravais. By Joseph Lovering, 
of Cambridge, Mass. 

Optical Meteorology has been developed mathematically with 
greater success than any other department of this complex science. 
The principal features of a fully developed halo are •* 1. The inner 
circle, concentric with the luminary, and having a radius of about 
22°. 2. The outer circle, also concentric with the luminary, and 
having a radius of about 46°. Both of these circles, called the 
smaller and larger halos, are tinged with the colors of the spectrum, 
the blue being the outermost color. 3. The parhelion circle which 
passes through the luminary and is parallel to the horizon. This 
circle is white. 4. Upon this circle, and at a distance of 22° or 
more from the luminary, are two mock suns, the edge toward the 
sun being reddish and the opposite edge bluish. 5. A sort of tail 
stretching from these mock suns horizontally, and opposite to the 
line which connects them with the sun, to the distance of 43° 28' 
or more from the sun. 6. The tangent curve to the inner halo. 
7. The tangent curve to the outer halo. 

All these features of the halo are satisfactorily explained by 
refraction and reflection, produced by hexagonal prisms of ice, 
floating or sinking in the higher regions of the atmosphere. These 
particles may be so situated as to present three independent cases. 
1. They may be indiscriminately in all possible positions. 2. The 
axes of the prisms may be parallel and vertical, the sides of 
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the prisms feeing all azimuths. 3. The axes of the prisms may be 
horizontal, bat in all possible azimuths. The first case would exist 
when the particles of ice were newly formed, and had not accu- 
mulated so much velocity that the resistance of the air would 
bring the surface of least resistance to the front. If the three 
dimensions of the crystal were nearly the same, there would be no 
surface of least resistance, and the air would exercise no directing 
influence. The second case would arise, as the consequence of 
increasing velocity and resistance, if the minimum section of the 
prism were parallel to the base. The third case would arise under 
similar circumstances if the minimum section were perpendicular to 
the base. All three cases might coexist at the same moment, 
because some of the prisms were long and others short, and because 
some of the prisms had had less time than others to fall and accu- 
mulate velocity and resistance, since their first formation. 

Of the various angles formed by the sides and ends of these 
prisms, some would exceed the limit of transmission, others would 
be zero, and produce no refraction. There would remain of the 
available angles, those of 60° made by alternate faces, and those of 
90® made by the sides and ends of the prisms. The inner halo is 
caused by refraction through an angle of 60°, the refracting edges 
being parallel to the tangents to different parts of the halo. The 
outer halo is caused by refraction through an angle of 90°, the re- 
fracting edges of different prisms being parallel to different tangents. 
Both halos require that the prisms should be scattered at random, 
so that a sufficient number would be found in the required positions. 
The white parhelion circle is produced by reflection from the sides of 
the prisms when their axes are vertical. These same prisms, acting 
through the angle of 60°, would produce the mock suns whenever 
they stood in the position of minimum deviation, while others, 
not in the position of minimum deviation, would produce the 
colored appendages to the mock suns. These same prisms, act- 
ing through the angle of 90°, would cause the tangent curve to 
the larger halo of 46°. If the luminary were above the horizon, 
reflection from the upper end of these prisms would produce an 
nncolored image of the luminary underneath the real luminary; 
but this image would not be visible unless the observer were 
elevated to a great height above the surface of the earth. If the 
luminary were a little below the horizon, reflection from the lower 
end of these prisms would produce a similar image above the lumi- 
nary and above the horizon, which would be visible ; and henoe the 
a. a. a. s. VOL. xix. 9 
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luminary might appear to have risen again after setting. When 
the axes of the prisms are horizontal, refraction by the angle of 60° 
would cause the tangent curve to the inner halo of 22 D . If large 
numbers of prisms were floating contemporaneously in all three 
positions, all these phenomena might coexist ; otherwise only a 
portion of these various features would be displayed. It is evi- 
dent, therefore, that both halos might be wanting, and yet one or 
both of the curves which are tangent to them might appear. If 
the tangent curve to the larger halo of 46° is seen, generally the 
mock suns and the parhelion circle are also seen, even in the ab- 
sence of the halo itself. In other words, all which vertical prisms 
are capable of producing would generally, though not necessarily, 
be seen at (he same time. 

These general features are somewhat changed by the altitude of 
the sun or other luminary above the horizon. When the sun is in 
the horizon, the parhelia are at the same distance from it as the 
inner halo, and rest upon it. As the sun rises, they go outside of 
the halo and become impossible when the altitude of the sun 
exceeds 60° 45'. The lengths of the tails affixed to the mock suns 
increase as the sun rises, until the limiting angle of transmission 
is reached. There is an inferior as well as a superior tangent arc 
to the halo of 22°. Their figures are complex, and they join in a 
single curve circumscribing the halo itself when the altitude of the 
sun exceeds 29' J 15'. The inferior arc is rarely visible, unless the 
sun is more than 22" high. The halo of 46 is less bright than that 
of 22", because it is larger and broader ; and more light is reflected 
by the prisms under the larger incidences. The tangent curve to 
this halo is a circular arc having the zenith for its centre. It can- 
not be formed if the sun’s altitude exceed 32° 12'. The semi- 
amplitude increases from 57° 48' to 90\ But when it is 90°, its 
height is also 90°, and its radius is reduced to zero. The maxi- 
mum brightness is in the middle of the whole arc. This arc actu- 
ally touches the halo of 46° only when the altitude of the sun is 
22° 8'. It sensibly touches between the altitudes of 15° and 28°. 
If the sun were in the horizon, the tangent arc would be 12° 4' 
above the summit of the halo. If the sun were 30° high, the tan- 
gent arc would be 3° 39' above the halo. The altitude of 22° 8' is 
most favorable, because, in this case, the middle of the arc is formed 
by rays which have suffered a minimum deviation. A tangent arc 
to the lowermost point of this halo is not impossible, but rare. In 
this event, the light must enter a vertical face and emeige at the 
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base. The limits of altitude are complementary to those which 
the superior tangent requires ; that is, the sun’s altitude must be 
between 57° 48' and 90°, the arc actually touching the halo at the 
special altitude of 67° 52'. If the axes of the prisms are shifted 
from a vertical to a horizontal position, the inferior and superior 
tangent arcs are changed to what are called infra-lateral and supra - 
lateral. 

I have taken renewed interest in this theory of halos, which has 
been admirably developed by Bravais,* on account of the halo seen 
at Cambridge, January 6, 1870. This halo was seen about two 
o’clock, when the altitude of the sun was not far from 25°. The 
principal feature of the phenomenon, on that occasion, was. the tan- 
gent curve to the halo of 46°, though the halo itself was not visible. 
At Waltham the mock suns were seen, but not the tangent curve. 
The tangent curve seemed to be a complete circle, and the colors 
were very vivid, the red being the outermost color, or nearest to 
the sun. I have stated that, theoretically, the maximum amplitude 
of this curve is 180°, and, if the sun had an altitude of 25°, 
the amplitude would be only about 138°. The history of halos 
furnishes but few examples of this extraordinary occurrence, — a 
complete circumzenithal circle. On the 24th January, 1838, Lam- 
bert t saw at Wetzler a circle, nearly complete, centred about the 
zenith, with vivid prismatic colors. On the 11th July, 1749, An- 
deron t witnessed at Norwich, about five o’clock, p. m ., when the 
sun was nearly 25° high, a white circle around the zenith. Bravais 
resorts to two expedients for explaining the enlargement of the 
circumzenithal arc into a complete circle, in a few rare cases. In 
the first place, the light may strike the vertical side of the prism 
too obliquely to be transmitted, so that, after being once or twice 
reflected upon other vertical sides, it may emerge from sides oppo- 
site to the usual ones. In the second place, each point of the arc 
originally produced causes § parhelion circle, all of which are 
superimposed upon the arc itself, as far as it extends. This last 
operation, however, would produce light without any discoloration. 
In the halo seen at Cambridge, the centre of the circle was de- 
cidedly south of the zenith. This fact requires us to suppose that 
the parallel axes of the prisms were not exactly vertical. A cur- 
rent in the atmosphere might change the direction of the descend- 

• Joum. de L'lScole Poly technique. Cahier 81. Tome xyiii. 

t Pogg. Ann. Physik und Chemie, xlvi. p. 660. 

t Phil. Trans, xlvi. p. 208. 
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in g particles of ice ; bat could the lateral motion, with the air, and 
not in it, develop any new resistance which would direct their axes 
away from the zenith ? 

I will now exhibit an experiment with an equilateral triangular 
prism of glass, and also a hollow one filled with water. The axis 
is vertical, about which it is made to revolve rapidly by clock- 
work. With a single prism, and sunlight or any bright and circu- 
lar artificial light, all those features of the halo may be artificially 
produced which have been referred to the action of many prisms 
of ice, with vertical axes ; the single prism, in its motion, assum- 
ing, in rapid succession, all the possible positions of these many 
prisms in the atmosphere. The halos themselves can be produced 
artificially, either by a conical prism, or by artificial crystals formed 
upon a plate of glass, as shown by Brewster * and othere.t 

The sun and moon are sometimes encircled by what are called 
coronae. A corona may be distinguished from a halo in many ways : 
1. It is much smaller even than the smallest of the two halos. 2. 
It is not rigidly bound to almost invariable dimensions as the halo 
is. 3. When it is bright enough for the colors to be distinguished, 
the red is outside and the blue inside. 4. This arrangement of the 
colors, as well as the dimension of the circle, indicate that coron® 
are not produced by refraction or reflection in crystals of ice, but 
by interference. The following experiments which I shall now 
exhibit to the members of the Association will illustrate this subject. 
When light is sent through the intervals between lines which have 
been nicely ruled upon glass, a series of colored fringes, parallel to the 
lines, result from the interference between rays which pass through 
different openings. If the glass were ruled with concentric circu- 
lar lines, close together, these colored bands would become circular, 
and surround the source of light. By a rapid rotation of 
straight lines in their own plane, subjective rings result from the 
parallel fringes. In order to produce the required rotation without 
a material axis, which would intercept the rays of light from the 
eye of the observer, a platform is turned rapidly by clock-work. 
The border of this platform is covered with cloth. The circular 
frame in which the graduated glass is set rests upon this cloth, 
with its plane at right angles to the platform, and is rotated by 
friction. Friction-rollers at the sides and top hold it in its place 
in the absence of any material axis of rotation. If concentric 

* A Treatise on Optics. Amer. edit 1885, pp. 282, 288. 

t Amer. Jour. xri. 898. 
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black circles are accurately drawn upon paper, and then photo- 
graphed upon glass, on a greatly reduced scale, the photographed 
plate might be substituted for that on which the lines had been 
scratched. Again, if a plate of glass is covered with indiarink, and 
then concentric circles are scratched upon the black surface, leav- 
ing the intermediate black rings, the same optical experiment can 
be performed. All four of these methods have been tried, but the 
finest and neatest circles were obtained by the last method ; and 
the experimental result is very beautiful, especially if the ruled 
glass is plaoed immediately in front of the object-end of an opera- 

glass. 

Although artificial coron® of great beauty can be produced in 
this way, it is obvious that the coronas of nature must have a much 
simpler origin. And theory shows, that if lycopodium powder, 
the particles of which are small and spherical, and of uniform size, 
is sprinkled upon glass, a luminous spot, seen through the glass, will 
be surrounded with several coron®, which, if less bright than those 
produced by the concentric rulings, on that very account have a 
greater resemblance to those in Meteorology. It appears that, in 
this indiscriminate sprinkling, myriads of minute openings are left 
everywhere on the plate, enough being found in the required 
places for producing the colored rings. Of these the light takes 
advantage for developing a symmetrical effect, just as in the forma- 
tion of the rainbow it selects those individual drops of moisture 
which serve its purpose, while the remainder of the drops are 
inoperative. A piece of very delicately ground glass accomplishes 
the same result. In the atmosphere the place of the lycopodium 
powder is filled by the particles of moisture existing in the vesicular 
state ; and the smaller these particles the larger will be the diame- 
ters of the coron® which they produce. In this way these par- 
ticles are proved to vary between the .001 and the .002 of one 
inch in diameter.* 

Coron® indicate the presence of the cumulus cloud ; but halos 
imply the cirrus cloud, floating at great heights, and within the 
region of perpetual congelation. For halos are seen even in the 
summer and in the tropics. By revealing the incipient gathering of 
the cirrus cloud, they may foretell the approach of a coming storm. 

• K&emtz's Complete Course of Meteorology, p. 111. 
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m. ACOUSTICS. 

On a New Musical Notation. By Samuel D. Tillman, of 
Jersey City, N. J. 

Symbols are the necessary outgrowth of systematic conceptions, 
therefore a notation may be a true index of progress. In Acous- 
tics, and other branches of Natural Philosophy, the Ancients 
made but small advance for the want of correct measuring 
instruments. How much they accomplished in music is not now 
known, since they have left no record of musical conceptions. 
The Greeks advanced so far as to denote differences in the pitch of 
musical sounds by alphabetical and other characters, and to arrange 
these sounds in different orders which were designated as modes, but 
they had no symbols to denote duration, rest, rhythm, or dynam- 
ics. Their music was chiefly vocal, and, being learned by rote, 
was liable to undergo many changes. Strings and pipes were tuned 
to their different modes, and were used as accompaniments to the 
voice. The Muses of Epic and Erotic poetry were represented by 
the ancients as holding musical instruments. Sappho, Anacreon, 
and Pindar sung their own compositions. Their performances 
may have resembled chanting, but, more probably, they were of 
that semi-musical character now called Recitative. 

Music, as a fine art, had its origin in the Christian Church. In the 
sixth century Pope Gregory first recognized the fact that the Dia- 
tonic scale consisted of seven sounds ; and, as the extension of this 
scale, either upward or downward, gave sounds similar to the first 
series, he determined to designate the series by the first seven let- 
ters of the alphabet, commencing at the tonic in the minor mode, 
and to apply the same letters, slightly modified in form, to each 
similar series of higher or lower sounds. No further improvement 
in musical notation was made until Guido Aretinus, of Tuscany, 
early in the thirteenth century, introduced the solfeggio, and the 
staff of five lines, on the spaces and lines of which he made dots, 
upward and downward, to denote sounds of higher and lower 
pitch. These dots were afterwards so modified as to express the 
length or duration of the sounds. Various other improvements 
were subsequently added, and after the lapse of several centuries a 
complete system of harmony and counterpoint was introduced, and 
the notation then embraced all the characters now used. In the 
mean time the rates of vibration producing sounds of different 
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pitch were found to have fixed mathematical relations, and the 
laws of harmony became an important branch of Acoustics. 

The complications in this present notation arise from two 
causes : 1st. In order to dispense with the use of leger-lines it 
was found essential to introduce three clefs, represented by dis- 
torted Gothic letters, which respectively defined the position on the 
staff of the sounds known as F, ( 7 , and G , and consequently 
the position of the other sounds of the Diatonic Scale. As the 
clefs may be used on any line or space of the staffj it follows that 
the signs belonging to the Diatonic Scale could have seven differ- 
ent interpretations, although in common practice they have only 
three. 2d. A change of the tonic from A , in the minor mode, or 
( 7 , in the major mode, of the so-called natural key, to any other 
position, involves the use of other sounds, which are represented 
by placing the sign of a sharp or flat before either note of the 
natural key, thus indicating that such note is to be raised or low- 
ered in pitch about a semitone. As the seven different positions 
given to the sounds of the Diatonic Scale may be virtually changed 
to two other positions by means of flats and sharps, the whole 
number of different interpretations would amount to twenty-one. 
In most of the printed music now used, only two clefs are found, 
and these respectively give F and G but one position, so that the 
different interpretations commonly applied to the same note on the 
staff amount to four. 

Although this complicated system enables the musician to sing 
or play correctly, it does not always indicate with absolute accu- 
racy the true pitch of the note represented. This point may be 
illustrated by a single example. In the key of ( 7 , the first interval 
— that is, from C to 2> — is approximately measured by nine com- 
mas ; and the next interval, from D to E, by eight commas. If 
the tonic is changed from C to D , the next sound above it must be 
nine commas more acute than D ; yet we see that in the first key 
used, the true E was only eight commas more acute than D ; 
therefore, this sound, E y does not belong to the series of true 
sounds used in the key of 2>. The two sounds known as E in 
these two keys, differing in pitch about one comma, are represented 
in the notation as identical. In true modulation, much greater dif- 
ferences arise, which cannot be indicated by the common music- 
signs, but which the vocalist or violinist, by the ear alone, is able 
to render correctly. True intonation can only be given by instru- 
ments of the violin and trombone classes, to a limited extent by 
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the enharmonic organ, and by the human voice. The harp, piano, 
organ, melodeon, and all hand instruments operated by keys, are 
necessarily constructed according to a tempered system of intona- 
tion, by which a sound is so modified in pitch that it may be sub- 
stituted for the true sounds belonging to the different tonics, and 
thus twelve sounds compose the tempered chromatic scale of each 
septave. 

This admirable tempered system has greatly simplified the exe- 
cution of difficult musical compositions, and enables a single per- 
former to render several parts simultaneously on instruments like 
the piano and organ. 

The query naturally arises, Cannot the notation be adapted to 
this tempered system used on all keyed instruments, and simplified 
by abolishing clefs, fiats, and sharps ? Several attempts have been 
made to accomplish this object. Among the first was that by the 
celebrated Jean Jacques Rousseau, who, in 1742, read a paper 
before the Academy of Science at Paris, u On proposed new signs 
for music.” His system, with some modifications, has been revived 
within a few years past ; and, it is said, was successfully taught to 
vocalists in the Paris Conservatory of Music, under the direction 
of the distinguished composer, Auber. The peculiar feature of 
that system is the use of the figures, long employed to denote 
chords, in place of notes on a staff. Three serious objections may 
be raised against it : 1st. It introduces the old defective counting 
by using the numeral 8 to denote the eighth sound in an upward 
progression on the Diatonic Scale, which sound is the first note of 
another series. 2d. It does not provide for modulations. 3d. It 
gives no fixed idea of pitch, since each sound is only known and 
distinguished by its relation to the tonic. 

Assuming that it would be highly advantageous to employ sym- 
bols of sound exactly adapted to the tempered system of intona- 
tion used on all keyed instruments, I now present the following 
plan. It is based on the new method of distinguishing and mea- 
suring musical intervals laid by me before this Association at a 
previous meeting, in which the upward progress of the pitch oi 
musical sounds is represented by a spiral projection, each ring 
measuring a septave, so that a radius vector cutting them would 
show the position of the same note in each septave ; thus obviating 
the difficulty met with in measuring the seven intervals of the 
Diatonic Scale on a right line, which requires the addition of a 
superfluous note. 
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In representing the intervals of the septave, as used in the tem- 
pered system, one ring of the spiral is made a circle for conveni- 
ence, and divided into twelve equal parts. These measure a 
tempered semitone interval, and may properly be termed the 
twelve grades of pitch belonging to one septave. They are num- 
bered like a watch-dial, so that every person who carries a watch 
has at command a Chromatic Scale. The numerals 12, 2, 4, 5, 7, 
9, 11, correspond with ( 7 , Z>, E y F y G, A, B, of the Diatonic Scale, 
and designate the seven white keys of the piano, while 1, 3, 6, 8, 
10, denote the five black keys. As the natural key, or the tonic of 
C y is not employed more than other tonics, it seems essential not 
to give the sounds belonging to that key more prominence than 
other sounds ; accordingly, in this system, all the notes are num- 
bered by figures of the same size. By this method no allusion to 
flats and sharps is necessary. The notes belonging to any tonic 
are found by a very simple rule ; namely, when the tonic is an 
even number the next two notes are even numbers, and the remain- 
ing four notes are odd numbers ; and vice versa : when the tonic 
is an odd number the next two notes are odd, and the remaining 
four even. A single example will show the comparative simplicity 
of the new method. To the question, What are the notes belong- 
ing to the key of B , or the signature of five sharps ? the answer, 
by the old system, is B, C sharp, D sharp, E y F sharp, G sharp, 
A sharp. By the new system, 11, 1, 3, 4, 6, 8, 10. . 

In devising symbols for this system, I have given each the same 
prominence ; and they are derived from the graduated circle in this 
way: A square is drawn so as to include the circle; and by 
making three projections on each of the four sides of the square, 
twelve projections are formed, which are signs of the twelve notes 
of the tempered Chromatic Scale. The note (7, or 12, being 
represented by the centre projection, on the upper side of the 
square, the other projections pointed out by the moving minute- 
hand of a watch, represent in regular order the remaining notes of 
a scale. When one sound is denoted, only one projection is used 
on the square ; but more may be added to show the chords belong- 
ing to that sound. In printed music these squares will be from an 
eighth to a sixteenth of an inch in size. 

The duration of sound, or the length of a given note, is measured 
by means of the same square, as follows : A square having four 
thick or full-faced sides is a sign for a semibreve, measuring four 
beats. A square with two thick sides is a minim, measuring two 
A. a. a. s. VOL. xix. 10 
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beats. A square with one thick side is a crotchet, measuring one 
beat. A square with four thin sides is a quaver. The same square, 
with a vertical line through the centre, is a semiquaver ; and the 
latter square, with a horizontal line added, is a quarto-quaver. A 
square with thin sides, having a diagonal line through it, is an octo- 
quaver ; and this sign, with another diagonal line crossing the first, 
is a 8emi-octo-quaver, known in common parlance as a hemi-hemi- 
demi-semiquaver. 

When either of these symbols of duration is used without a 
projection, it denotes rest, and measures a like interval of silence. 

If the sounds to be indicated are all in the same septave, the 
symbols are placed in the same right line ; sounds in the next sep- 
tave above are indicated by raising the symbol just above, and 
sounds in the septave below, by placing the symbol just below the 
general line. The square denoting the middle septave is known 
as unmarked, and that denoting the next septave above has beneath 
it a single horizontal line ; that for two septaves above has two 
lines beneath it : and thus each septave above is indicated by an 
additional line beneath the square. In like manner the septaves 
below the middle (7, or 12, are respectively indicated by placing 
lines above the square. However, to denote the actual pitch of 
any sound, the 12 of the middle septave, commonly known as the 
middle 6 T , is produced by 522 vibrations in a second, according to 
the new French Standard of pitch ; and the same sound in each 
septave downward is made by halving the vibrations respectively, 
and those above by doubling the vibrations for each (7, or 12. It 
is evident that by this arrangement — each grade being modified for 
more grave and acute sounds — and by the use of the sirene, the 
highest and lowest sounds perceptible to the human ear can be 
indicated and measured. To denote the pitch of every note of the 
different true scales which may be used, it would be better to dis- 
pense with such expressions as B double flat, E flat grave, O sharp 
acute, etc., and use a system which will at once show the absolute 
pitch, and its relations to the tempered system of intonation. It 
is true that a division of a septave into 363 parts would be required 
for absolute exactness ; but we can adopt the division of the ordi- 
nary watch dial into twelve parts, or grades, also sixty smaller parts 
or commas, so as to express the relations of the isotonic tempered 
system, and the true system, and give the exact measure required ; 
since we may assign to these finer divisions an exact value, so that 
10, 9, 6, 10, 9, 10, 6, will indicate the true major and minor tones 
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and the so-called semitone, — the sum of these intervals being 
equal to sixty. Thus the true 2?, in the natural key, being one 
division less from the tonic than the tempered E, or 4, might be 
denoted in figures by t 4 ; one division greater than 4 being 4'. 

Any of the old symbols which can be printed in one right line 
may be used with the new, for denoting any modifications of sound. 
In some cases, other well-known signs may be substituted ; as, 
for instance, in place of the old sign placed above two notes, called 
a slur, or tie, the ordinary hyphen may be employed to indicate the 
blending of two sounds. 

The new symbols are to be used like ordinary type, so that music 
may be set up and printed with greater rapidity than by any 
of the present methods. Great economy of space is secured by 
the new system. An ordinary piece for the piano could be 
embraced in a single page, thus relieving the performer from the 
duty of turning over leaves when the hand should be otherwise 
occupied. The brevity of the plan proposed is such that printed 
music could be added to each hymn of the ordinary Hymn-Book, 
without materially increasing its size. However, economy of space 
and convenience of use are matters of inferior consideration, when 
compared with the great object to be accomplished; which is, to 
strip from written music every sign not essential to the use of 
instruments having only twelve keys for each septave, and to make 
the now signs as easily understood as is the actual method of using 
the instrument ; so that we shall no longer hear of playing and 
singing by rote among those whose musical gifts would be greatly 
enhanced if unhampered by useless musical signs. 

The author proposes no crusade against the old system. It is 
thoroughly established, and millions of dollars are now invested in 
music-books, and in metallic plates from which music is printed. 
Still, in this age of progress, we should not be true to ourselves if 
we did not make known what we regard to be c< the better way ” 
for accomplishing a desirable end, leaving its actual merits and 
importance to be determined by the unerring tests of time and 
experience. 
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IY. ELECTRICITY. 

1. Abstract of a Research on a Simple Method of Measur- 
ing Electrical Conductivities by means of two equal 

AND OPPOSED MAGNETO-ELECTRIC CURRBNT8 OR WAVES. By 

Alfred M. Mayer, of South Bethlehem, Penn. 

General Description of the Method. 

A magnet is firmly supported in a horizontal position, with a 
portion of its length projecting beyond a fixed stop. Over this 
free end of the magnet, and resting against the stop, are placed 
two similar flat spirals, formed of the same quality of copper wire, 
and having the turns of one spiral in a direction the reverse of 
those of the other.' The spirals are clamped together, and their 
four terminal wires are carried vertically downwards into four 
separate cavities containing mercury, and these mercury-cups are so 
connected with a reflecting galvanometer that, when the spirals 
are together slid off the magnet, the two equal electric currents, 
thus generated, simultaneously tend to traverse the galvanometer 
in opposite directions, and therefore its needle remains stationary. 
If we now introduce into the circuit of one of the spirals a resist- 
ance equal to that introduced into the circuit of the other, the 
needle will still remain at rest when the spirals are slipped off the 
magnet ; but, if the resistance placed in one circuit is greater or less 
than that placed in the other, there will be a deflection of the gal- 
vanometer needles when the spirals are removed. Thus, by intro- 
ducing wires of different metals into the circuits, we can readily 
determine their relative conductivities by making them of such 
lengths that their resistances are equal ; which condition is attained 
when, on sliding off the spirals, the needle remains absolutely at 
rest. If, in the latter case, the wires have equal diameters, then 
their conductivities are directly, and their resistances are inversely, 
as their lengths. 

A modification of the above method has been devised, in which 
the magnet is replaced by the terrestrial magnetic force, and the 
spirals and the wires by two similar coils, from two to three feet 
in diameter, formed of the two wires whose conductivities are to 
be compared. These coils contain equal lengths of the same sized 
wires and the same number of turns ; the direction of the turns 
being opposed in the two coils. The coils having been bound 
together are placed in a plane at right angles to the line of “ the 
dip,” and the four terminal wires are so connected with the reflecting 
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galvanometer that the two induced currents tend to traverse it 
in opposite directions. The coils are now quickly rotated through 
180° around an axis at right angles to the line of the dip, and if 
the wires present equal resistances the needle remains at rest; if it 
is deflected, the direction and the amount of the deflection show 
which coil has the lesser resistance, and afford a means of estimat- 
ing the same. 

Description of the Apparatus. 

The magnet was composed of three bars separated from each 
other by slips of wood .2 inch thick. Each bar was .27 inch 
thick and .9 inch wide. The middle bar was 10.4 inches long, 
and projected .25 inch beyond the two side-bars. The force of 
this magnet was equal to sustaining the weight of 1.5 lb. placed 
on the end of the middle magnet. 

The spirals were formed of the best selected Lake Superior cop- 
per wire, 2*5 inch in diameter, and “ double covered.” Each spiral 
contained one hundred and seventy-six inches of wire coiled in 
twenty turns, and the terminals were 15.5 inches long, thus making 
two hundred and seven inches of wire in each spiral. The exterior 
diameter of the spirals was 3.9 inches with a central opening of 1.7 
inches. 

The spirals were formed in this manner. An iron plate A, 
which screws on to the mandrel of a lathe, has cemented on to its 
face a disc of hardwood 5, 1.7 inches in diameter and .1 inch thick. 
From the centre of the plate A 
projects a screw e which enters the 
wooden disc B at e When the 
plate B is screwed home, the disc 
h fits into the cavity b\ and the 
plates A and B are separated to a 
distance a little greater than the 
diameter of the covered wire, 
while the disc b forms a cylinder between them on which to wrap 
the spiral. The end of the wire to be coiled is passed through a 
hole d in the plate B , which is then screwed home on to A. The 
lathe is then turned so that the wire is coiled over the centre disc 
from A to b. After the space between the plates is filled with coils, 
the free end of the wire is secured and the plate B unscrewed, 
while the wire slides through d, and the coil is not unwrapped ; 
which would have taken place if it had been coiled in the direction 
from bio A. The spiral is now saturated with very fluid parafline, 
and has cemented on to it, with a hot chisel, a paper disc previ- 
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ously saturated with paraffine. The spiral is now removed, the 
covered side placed against the disc, and its other surface treated 
in the same manner. The spiral is then taken off the chuck, and 
on holding it up to the light the copper wire is distinctly 6een 
through the translucent covering of the wire, and the paraffined 
paper cover of the spiral. The terminals are now led radially from 
the spirals, and are tightly bound together as described above. To 
still further strengthen the spirals, both they and their terminals 
are covered with a firm layer of shellac varnish. 

The galvanometer was formed of a coil containing two layers of 
twenty-two turns each, of ^ inch copper wire. The needles were 
1.65 inches long, and distant from each other .6 inch. They were at- 
tached to a thin glass mirror, 1.2 inches square, which was suspended 
by a few fibres of unspun silk. These needles were so astatic that 
they made exactly 4J simple vibrations in one minute. 

The telescope and scale with which the deflections of the needles 
were determined were placed at a distance of 2.285 metres from the 
mirror, so that a deflection of 1° of the mirror caused 8 centime- 
tres of the scale to move over the thread of the telescope, and as . 
I could read off to 1 m - m - of the scale, it follows that a deflec- 
tion of 45" of the mirror could be mea- 
sured. 

Under the magnet, which was placed 
near the telescope, was a block of wood 
having four holes one inch in diameter, and 
one inch deep, containing mercury. Into 
these four cavities dip the four termi- 
nals of the spirals, and the standard wire 
used as a unit of resistance is placed in 
the circuit of one spiral, and the wire 
whose resistance is to be determined is 
placed in the circuit of the other. The 
length of this last wire can be altered 
readily, so that its resistance can be made 
equal to the unit of comparison. The two 
terminals of the galvanometer are so con- 
nected with these two circuits that the two 
induced currents, produced on sliding off 
the spirals from the magnet, tend to trav- 
erse the galvanometer coil in opposite 
directions. 
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Examples of the Determination of Electrical Conductivities. 

If the two spirals were exactly similar in form and equal in the 
resistances they presented, yet they would not be equal in action 
on the galvanometer-needle when they are slid off the magnet ; 
for one of the spirals is further on the magnet than the other, and 
therefore cuts more “ lines of magnetic force,” and also the two 
spirals simultaneously pass over portions of the magnetic lines dif- 
ferent in strength, therefore the rear spiral will have a stronger 
electric current induced in it than the front one. To balance the 
spirals a certain length of wire is introduced into the circuit of 
the rear spiral, so that when they are together slid off the magnet 
the needle remains at rest. 

The above condition having been attained, I introduced into the 
circuit of one of the spirals one hundred and twenty inches of No. 
18 tt hard drawn ” silver wire, which I supposed to be free from all 
alloy, and found that I had to introduce a length of one hundred 
and twenty-seven inches of similar pure copper wire into the other 
circuit, in order that the needle should remain at rest when the 
spirals were slipped off the magnet. Therefore, the resistance of 
one hundred and twenty-seven inches of the copper equals that of 
one hundred and twenty of the silver wire, and taking the copper 
as one hundred in conductivity we have 

127 : 120 :: 100 : 94.48 

Matthiessen * makes the ratio of the conductivity of silver to cop- 
per — both “hard drawn” — as 100 : 99.95, or nearly equal; but 
in my determination the silver is 5.5 per cent below the copper. 
I therefore suspected impurities in the silver, and an examination 
of the wire, kindly made by my colleague, Dr. Wetherill, showed 
that the silver contained about .01 per cent of gold and a trace of 
iron. This accounts for the low number found for the silver, and 
affords a beautiful illustration of Pouillet’s remark, that the purity 
of a metal is most readily determined by a measure of its electrical 
conductivity. The electrical test of purity, however, far exceeds 
in delicacy the chemical examination ; for a very minute percent- 
age of alloy causes a great increase of resistance. If we could be 
sure that the wires we compared were in the same physical condi- 
tions as to annealing or hardness, we could probably use this method 
as a means of determining the percentage of a known metal which 
formed the alloy. 

•Phil. Trans. 1868, 1862. 
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Pouillet * has shown that silver whose conductivity is one hundred 
when pure is only fifty-one when it contains .037 of alloy ; and is 
forty-seven, forty- two, and thirty-nine when it contains respectively 
.100, .143, and .253 of alloy. Pure gold gave thirty-nine, but .049 
of alloy reduced its conductivity to thirteen ; and Jenkin has found 
that an alloy of one part of silver and two of gold presents almost 
as much resistance as german-silver. 

The three following determinations were made of the conduc- 
tivity of the best quality of iron wire relatively to that of the 
standard copper wire : — 

(1) . The resistance of 240 in. of copper wire = 36.7 in. of iron wire. 

(2) . “ “ 111.6 “ “ =16.16 “ “ 

(3). “ “ 60 “ “ = 8.67 a “ 

They give for the relative conductivity of iron : 

(1) . 240 : 36.7 : : 100 : 15.29 

(2) . 111.6 : 16.16 :: 100 : 14.48 

(3) . 60 : 8.67 : : 100 : 14.45 

14.74 = Mean. 

The copper and iron wires in (3) were cut off from the lengths 
used in (2) ; but the wares used in (1) were taken from parts of 
the coil removed from (2) and (3) : these facts account for the dose 
agreement of (2) and (3), and the higher number obtained in (1). 

E. Becquerel f gives 13.6 for the conductivity of iron, copper 
being one hundred, and both wires “ hard drawm,” while Matthies- 
sen t determines 100 : 16.81 as the ratio of hard-drawm copper and 
iron. 

The mean of Becquerel and Matthiessen =15.20 

Mayer = 14.74 

Difference = .46 

Therefore it appears that my determination by means of the 
above method agrees closely with the mean of the measures of 
those distinguished experimentalists made by two different methods. 

The Degree op Precision of the Method. 

The degree of precision of this method, as applied with this 
special apparatus, was determined in the following manner. A 
copper wire, one hundred and twenty-three inches long, had opposed 

• Traits de Physique, 1866, Vol. I., p. 606. 

t Ann. de Ch. et de Phys. III., xvii. 266. 

$ Phil. Trans. 1868, 1862. 
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to it a resistance which was about equal to one hundred and twenty 
inches of its length. The mean deflection produced in the needle 
of the galvanometer, under these circumstances, was carefully 
determined. The copper wire was now shortened one inch, and 
the deflection again determined ; this was repeated, determining 
the amount of deflection produced by each diminution of one inch 
in length until six inches had been cut off. These experiments 
showed that a diminution or increase of resistance of y^th part in 
one of the wires will cause a deflection of 0.4 of a division of the 
scale, or of 3' of arc in the galvanometer-needle. But we have 
seen that ^th of a division can be read on the scale ; therefore, we 
can with this special apparatus detect and measure an increased or 
diminished resistance of yj^th part. As the galvanometer can 
be removed to even twice the distance at which we read its deflec- 
tions, I think I am safe in saying that with this method, as applied 
with the above apparatus, we can measure a difference of resistance 
in two conductors amounting to the yj^th part, which is far within 
the variation observed in wires of the same lengths and diameters 
taken from the same specimen of wire. 

If a galvanometer formed of ten or twelve turns of -^th inch 
copper wire had been used in connection with a larger magnetic 
battery and spirals of ^th inch wire, while the galvanometer had 
been placed at a greater distance, I have no doubt that the degree 
of precision would have been equal to the measurement of TT fo^th 
part of variation in resistance. 


A. A. A. S. VOL. XIX. 11 
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V. PHYSICS OF THE GLOBE. 

1. Aurora Borealis. By L. Bradley, of Jersey City, N. J. 

In treating the interesting and important subject of Aurora Bo- 
realis, I deem it necessary to premise by a general but brief 
examination of the phenomena, the causes and the effects of 
Atmospheric Electricity, in order that we may deduce, if possible, 
a rational theory of the essential nature of the aurora itself 

• Atmospheric Electricity 

plays an important part in all atmospheric phenomena, either a a a 
cause, a concomitant, or an effect : the formation of fog ; the fall 
of rain, and of snow ; in storms generally ; in lightning, and in 
many phenomena which do not possess the character of lightning. 

Under the name of Castor and Pollux, the ancients designated 
the bright light which, in stormy weather, sometimes invests the 
projecting angles and the metallic parts of bodies. 

Sailors tell us St. Elmos fires sometimes appear at the mast- 
heads and yard-arms of ships, which, in extreme cases, make a 
peculiar noise, similar to that of electricity when it escapes into 
the air under the influence of powerful tension. Cases are related 
in which soldiers and cavalry have seen fires shining on the points 
of their bayonets and swords. 

The spires of churches and other public buildings are sometimes 
enveloped in a similar manner. Most frequently these fires re- 
semble, more or less, the brush, as of electricity in motion, but it 
sometimes happens that the light is concentrated into small globes 
without any trace of diverging jets. These are, doubtless, of elec- 
tricity in the opposite direction or negative. But it is not only at 
the extremities of objects on the surface of the earth that luminous 
appearances are perceived in times of storms. Sometimes fog, 
rain, snow and hail are decidedly luminous ; but it is snow which 
most frequently presents this phenomenon, which is now taken as 
unquestionably due to electricity. The electric property of snow 
is so decided that atmospheric electrometers are sometimes power- 
fully charged during a fall. According to Beccaria, a cloud charged 
with snow diffused in all directions a reddish light, sufficiently 
intense to enable one to read books printed on ordinary type. 
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Frequently, people in the midst of a storm become foci of elec- 
tricity, which is not only manifested by a light, but by a particular 
whizzing noise. 

Brewster cites the case of two English travellers, who, surprised 
in their descent of Etna by a heavy fall of snow, accompanied by 
violent claps of thunder, heard a hissing noise every time they 
extended their arms into the air, and, on extending a finger and 
moving it through this snowy atmosphere in various directions, 
and with rapidity, they were able, at pleasure, to generate a great 
variety of musical sounds, the intensity of which was such that 
they were perfectly heard at the distance of several yards. I shall 
endeavor to show presently that Aurora Borealis is a phenomenon 
similar in its essential character to those above cited, and that all 
are due to what has been called Atmospheric Electricity. 

Causes of Atmospheric Electricity . 

Many hypotheses have been propounded to explain the origin of 
Atmospheric Electricity. 

Some have ascribed it to the friction of the air against the 
ground; some to the growth of plants, or to the evaporation of 
water ; some have compared the earth to a vast voltaic pile ; others 
to a thermo-electric apparatus. Some of these causes, and perhaps 
all, may concur, in some degree, in producing the phenomenon. 
According to the theory of Peltier, “ the electrical phenomena of 
the atmosphere are entirely due to the induction of the earth, 
which is primarily and constantly negative.” 

It is difficult for me to conceive how the earth should be ren- 
dered thus constantly negative, unless there be some force con- 
stantly in operation, adequate to such disturbance of the electric 
equilibrium between the earth and its surrounding atmosphere. 
Do not the potent rays of the sun in their vaporizing effect consti- 
tute such a force? 

Pouillet and others have shown that no electricity is produced 
by the evaporation of distilled water ; but if an alkali or a salt is 
dissolved, even in small quantity, there is chemical disaggregation, 
and the vapor is positively, while the solution is negatively, electri- 
fied. The reverse is the case if the water contains acid. Volta 
was the first to show that the evaporation of water produced 
electricity. Now, as the waters of the whole ocean hold salts in 
solution, Pouillet is disposed to see in this evaporation the source 
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of atmospheric electricity. De Saussure concurs with Volta and 
Pouillet in this theory. 

I take it therefore as established, that the vapor of the atmos- 
phere, as a whole, is charged with positive, while the earth and 
ocean are charged with negative, electricity ; although the solid 
earth and the sea are, in some degree, in opposite electrical states, 
the sea being positive and the earth negative. It is also a fact, 
now well established, that the higher we ascend, the more highly 
positive is the tension. Becquerel and Peltier have demonstrated 
this most clearly. 

Quetelet, experimenting with a balloon and an electrometer, sat- 
isfied himself by a great number of observations that the electric 
intensity of the air increases proportionately to the height. I ven- 
ture, therefore, to suggest the probability that, if an insulated con- 
ducting wire were to be erected, having a ground connection in a 
valley, and connected with a large surface of wire gauze above 
the top of a neighboring mountain, so as to form a good atmos- 
pheric connection, a current would be, at most times, propagated 
through the wire, sufficiently intense to operate a Morse telegraph, 
and that the higher the mountain the more intense would be the 
current. The intensity will be variable, however, according to the 
hygrometric condition of the atmosphere. 

A positive cloud, too, coming near the upper portion of our tele^ 
graph line, may change its electric condition by induction so as to 
neutralize the current, or even to cause it to flow in the opposite 
direction. 


Evaporation. 

According to the learned Dr. Buist, quoted by Lieut. M. F. 
Maury in his “ Physical Geography of the Sea,” p. 11, the average 
evaporation from the ocean equals about nine feet of water per 
annum ; t. e., a stratum nine inches thick per month. This when 
evaporated would cause a stratum of steam, of 212° Fahr. and 
under ordinary atmospheric pressure, forty-three feet in thickness 
per day to be formed and condensed. 

This, if I have figured correctly (supposing the sea to cover 
150,000,000 square miles, and a cubic foot of water to weigh sixty- 
two and one-half pounds), amounts to 2,157,463,500 tons to be 
evaporated per minute. This amount is diffused daily through the 
atmosphere. Now, if the smallest evolution of vapor from salt 
water gives an effect, appreciable by the electrometer, is it not 
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surprising that, in the formation and condensation of the immense 
amount shown by these figures, we do not encounter infinitely 
more of visible phenomena than we do ? 

We have now seen that the atmosphere is constantly charged 
with positive electricity furnished by the vapors that arise from the 
sea, and that the earth is negatively electrized. 

Tropical Currents. 

In the tropical regions, where the water is most salt, and evapo- 
ration most abundant, there is an upward current which carries the 
vapor to a great height, and then, setting out both north and 
south, constitutes tropical currents, which descend in proportion 
as they reach the higher latitudes. On reaching a region suffi- 
ciently cold, precipitation of snow, or of ice in some other form, 
takes place, in which electrical phenomena are almost sure to 
appear. Under the tropical currents are boreal and austral cur- 
rents on their way to take the place of the ascending heated air 
of the tropical region. 

The enormous amount of electrified vapors, rising high in the 
torrid zone, and then descending as they approach the poles, comes 
in contact with many conflicting conditions in the atmospheric 
strata which underlie them ; so that the neutralization of their posi- 
tive electricity is allowed to occur very differently at different 
times and places, and under different circumstances. All these are 
comparatively local, and are variable according as they are over 
the ocean, the land, or fresh-water lakes, and according to varia- 
tions of temperature, and the different electrical conditions met 
with. In many regions of the temperate zones, vapors arise which 
are negative compared with those of the superincumbent tropical 
current. Hence arise the many meteorological phenomena in 
which atmospheric electricity plays so important a part, and in 
which we sometimes witness the most terrific consequences. 


Storms. 

The violent phenomena with which we are most familiar are 
storms with rain, lightning, and hail. Every particle of cloud or 
fog is known to be positively electrified, and to exist in the form 
of a small spherical balloon in which a small pellicle of water 
serves as an envelope to the interior air. This may be verified by 
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any one who will let some of the particles fall upon a slip of glass 
and submit them to microscopic inspection. Now this covering of 
water possesses all the positive electricity which was distributed 
in the vapor which composed it. The size of these vesicular 
globes is maintained at the point of balance between the repul- 
sive force of the electricity and the cohesion of the water. 

When such globules, in infinite number, collect to form a cloud, 
we must not suppose that the cloud is, as it were, a conductor, all 
of whose electricity is at once transferred to the surface. On the 
contrary the globules preserve their insulation and their individual 
electricity, and do not part with it, except in a manner very slow, 
according as the intersticial air may be more or less conductive. 
In this way some of the electricity of the interior globules does 
slowly approach the surface of the cloud, thus enabling the glob- 
ules individually to contract and severally to coalesce, forming 
drops which fall, carrying their remaining electricity to the earth. 
Presently a high degree of tension is acquired at the surface of 
the cloud, near the negative earth, or near an adjacent cloud which 
has been rendered negative by induction ; and a discharge takes 
place in the form of a flash of lightning. This makes way for still 
further discharges from the interior globules, and facilitates a more 
liberal formation of the rain drops. 

I have often observed the sudden increase in the torrents of rain 
commencing in a few seconds, and continuing for a few, after a 
heavy clap of thunder. One clap follows another and another : 
but such discharges never deprive the cloud of the whole of its 
electricity ; for, as soon as the excessive tension of the surface is so 
far reduced as to admit of the collapse of the little balloon, they 
commingle, form drops, and fall ; and in this way a large portion 
of the positive electricity of a cloud is carried silently to the earth. 
At every disruptive discharge a disaggregation of matter must 
occur, or no light can be evolved. In the case of every flash of 
lightning, a portion of the vapor of water is resolved into its ele- 
ments, oxygen and hydrogen. The oxygen unites with the free 
nitrogen of the air, and forms nitrous acid. The hydrogen unites 
also with the nitrogen to form ammonia. The nitrous acid and 
ammonia unite, forming nitrite of ammonia. This salt is dissolved 
in the rain drops ; is absorbed in the ground ; imbibed by the 
roots of plants ; . then passed into other combinations by the leaves 
and other organs ; then it appears in the fruits ; is eaten by animals 
and men, thus aiding to form their bodies. In this we have one of 
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the many beautiful and mysterious agencies, employed by the 
great Supreme Intelligence, in the wonderful works of creation 
and providence. Ozone, too, is formed in every discharge, the 
importance of which, in the economy of nature, is not so well 
understood. 

The phenomena and effects of a common thunder-shower, as 
given above, are simple compared with those of many great storms. 
In order to understand the electric action and movements of 
clouds, we must be familiarized with the idea of the individualities 
of the globules, and of the other constituents of which the clouds 
are composed. The globules are grouped into flakes, having their 
limits and their sphere of action like the globules themselves ; the 
flakes in grouping form mamillae ; these in their reunion form a 
cloudlet, and the cloudlets form definite clouds ; the grouping of 
definite clouds forms a cumulus, and several cumuli form a nimbus 
or rain cloud. By regarding in this manner the electric state of 
the clouds, which is in accordance with observation, we are enabled 
to comprehend their enormous power of attraction in some cases, 
and the other phenomena which they present. 

It is easy now to conceive how rain and snow are found to be 
charged with an electricity which they carry with them in their 
fall. Each drop or flake must possess the electricity which was 
possessed by the globules which formed it. We can see, also, how 
snow or other particles of ice in the atmosphere may, under cer- 
tain circumstances, become luminous. The electrometer some- 
times detects negative electricity in a cloud, and in rain, snow, 
and hail; but M. Palmier and others now think that this is only an 
effect of induction, and that no cloud can be intrinsically nega* 
tive. 

Every positively charged cloud must have a concentric region 
about it, which is made negative by induction, and it has happened 
that persons have been killed by lightning, or rather what is called 
a return shock, in a clear atmosphere, in consequence of such in- 
duction. This is a phenomenon easily explained. When a storm 
cloud is powerfully electrified positively, and a person is situated 
within its sphere of activity, he becomes powerfully charged by 
induction with negative electricity ; the natural electricity of the 
person being decomposed, and the positive repelled into the earth. 
Now, if the cloud is suddenly discharged by any means, and 
deprived of a large portion of its positive electricity, the natural 
electricity of the person is just as suddenly restored, and the shock 
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may be such on the nervous system as to destroy life. Brydon has 
related a remarkable case of this kind, in which a man named 
Lauder, who was driving a coal cart, was killed, together with his 
horses, when the sun was shining, and no rain was falling in the 
neighborhood ; but a heavy clap was heard at the time by others 
from a cloud not far distant. 

Beside this phenomenon of return shock, there are lightnings of 
three distinct kinds : — 


Fir 8% — Zigzag, or Forked Lightning. 

These present themselves under the form of a thin trail of white 
light ; very defined ; sinuous in its course ; able to divide into two, 
and more rarely into three branches ; directing themselves gener- 
ally towards the *earth, but frequently darting from one group of 
clouds to another. The clouds and the earth, or two oppositely 
electrified clouds, correspond to the coatings of a Leyden jar, and 
the intervening air to the glass of the jar; the thunder-storm is a 
charging and a discharging of a huge system of this kind. The 
zigzag and forked conditions are undoubtedly due to the resistance 
which the discharges encounter in the strata of air through which 
they pass. 


Second, — Sheet Lightning. 

Lightnings of this class present a light which, instead of being 
concentrated into lines without apparent breadth, embrace, on the 
contrary, immense surfaces. They have neither the whiteness 
nor the vivacity of forked lightning; are more sluggish, occu- 
pying appreciable time in their discharges ; their tint is generally 
of intense red, though other colors sometimes prevail. Their 
bright light sometimes embraces the whole superficial extent 
of cloud, and even of a whole group of clouds ; at others, only 
part of a cloud, or the border ; it is frequently undulatory and 
flickering. The discharges appear to be interstitial, darting among 
the globules or ultimate vesicles of the cloud, which seem to serve 
a purpose in some way resembling the metallic particles of the 
spangled pane of the lecture room. Sometimes the discharges 
appear to be made among the larger individualities of the cloud, 
and are exhibited in great numbers of interior flashes and zigzag 
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flames of red light, following each other in almost continual suc- 
cession. 

The lightnings of this second class are the most numerous of 
any, and are especially interesting on the present occasion on ac- 
count of the analogy existing between their genesis and that of 
the Aurora Borealis. 

Silent flashes of lightning are frequently seen along a cloudless 
horizon, formerly called heat lightnings . Since the establishment of 
the telegraph we learn that they are the lightnings of real storms ; 
so far away as to be entirely below the plane of the horizon, and 
too far off to be heard. 

Third, — Ball Lightning. 

Lightnings of this class are much less numerous than those of 
any other, and are by far the most difficult of comprehension, hav- 
ing never been satisfactorily accounted for. They are veritable 
globes of fire, several inches in diameter, and are transported from 
the clond to the earth with sufficient slowness to be distinctly fol- 
lowed by the eye, being visible for two or three and even for ten 
seconds. They sometimes divide and rebound upon the ground 
several times ; sometimes they burst, causing the detonation of 
heavy ordnance. They sometimes enter dwellings, barns, and out- 
houses, enveloping the whole building in flames in an instant. 
They seem to pay no regard to conductors, either good or bad. 

Great and Violent Storms. 

As to the causes, and the modes of generation of the great and 
violent storms, I will suppose a case, which, with modifications, 
may be taken as analogous to a majority of those which do occur. 

In the torrid zone, and during the hot seasons in the temperate 
zones, a sultry heat, with a tranquil and humid atmosphere, may be 
taken as a precursor of storm. This may continue for days ; the 
power of evaporation being great, the air becomes more humid, 

. and, as Tyndall, Melloni, and others, have demonstrated, humidity 
is a powerful absorbent of heat ; it is, in a measure, opaque to the 
heating rays; it therefore absorbs largely the sun’s rays, as well as 
the radiant and reflected heat from the earth. The more the air 
is heated the more its capacity for aqueous vapor is augmented, 
and the greater is the absorption of heat. 

A. A. A. 6. VOL. XIX. 12 
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But although vapor absorbs heat it radiates it also. Whence 
then can it radiate ? 

The lower stratum is superposed by strata, which are saturated 
too ; it may, therefore, radiate into vapor, but the vapor radiates 
into it, also. The tendency, then, is for the air near the earth to 
retain its high degree of heat ; to become rarified, and to rise ; and 
from some quarter cooler air must come in to take its place. What 
then must occur in our ascending column of heated, humid air? 
For a time the radiation is intercepted, and, in great part, 
returned by the surrounding vapor; condensation, under such 
circumstances, cannot take place. But the quantity of aqueous 
vapor naturally diminishes as we ascend; its tension dimin- 
ishes more rapidly than that of the air, and, at length, the 
humid stratum finds itself above the protection which had over- 
spread it, and in the presence of purer space, where it pours its 
heat into, and with but little return from, the interstellar ether. 
This free radiation into space, together with the chilling effect due 
to the expansion of the ascending air, affords ample physical cause 
for the condensation of vapor and the generation of clouds. Cu- 
muli are now formed, a stratum of which may extend over a large 
surface. Each visible cumulus forms the capital of an invisible pil- 
lar of saturated air. To take an extreme case, let us suppose that, 
the sky being now overcast, and the process of cooling going on 
more rapidly, another stratum is formed lower down than the first, 
and then another still lower. Cases are on record in which not less 
than three such strata have been distinctly observed. Now let it 
be remembered that each stratum, in its relation to those above or 
below, maintains its own independent insulation and electric indi- 
viduality, the same as do the several clouds, cloudlets, or globules, 
as mentioned before, and that several individualities, charged with 
like electricity, repel each other ; but no one can be so repelled as 
to impinge, unduly, on those beyond it; all are maintained in 
equttibrio in the mass, which, by their agglomeration, they help 
to compose. 

Now it must happen that all the individualities of every grade 
become, as it were, polarized, for the reason that, above them aZZ, is 
an atmosphere, highly positive, and below them the earth, which is 
negative. The positive atmosphere induces negative electricity in 
the upper portion of the upper stratum, driving the positive into 
the lower portion, by which its normal tension is largely increased. 
This acts in the same manner upon the next stratum below. The 
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negative earth, too, is acting to produce the same effect upward. 
It induces positive tension in the lower portion of the lower stra- 
tum, and that in the lower portion of the next, and so on. 

Under such a system of actions and reactions among the several 
individualities between the negative earth and the upper positive 
atmosphere, the surface of the earth must become endowed with a 
negative tension very far beyond that which is natural or common, 
and the lower portion of the lower stratum must also acquire a 
positive tension far beyond what it could possibly attain, if it were 
not so largely reenforced by the strata above. 

They all act, like so many spans of horses, one before another, 
drawing in the same direction. The amount of lifting force, then, 
exerted by such a stupendous magnetic battery, which in some 
cases may act, nay, does act, upon a single square mile of earth, it 
is scarcely within the scope of the imagination to conceive : it can 
be estimated only by millions of tons. 

All loose substances, as well as trees, buildings, etc., are rendered 
powerfully negative, and are, therefore, repelled by the negative 
earth, while they are powerfully attracted by the superincumbent 
cumuli Now we can see the rationale of those remarkable phe- 
nomena, the ras de maree, in which the sea is raised to the height 
of three or four, and even to six or seven, feet. They consist in the 
changes of level that are suddenly manifested, without there being 
any thing that can cause them to be anticipated. 

Bertrand A^as the first to conceive and to explain that it was by 
the attraction of electric clouds that the waters were thus raised. 
We can now see why it is that sometimes, when a heavy cloud is 
hanging over us, the leaves, dust, and other light substances^ when 
agitated by the slightest breeze, seem to have lost their gravity, 
and to rise high up without any apparent cause adequate to the 
production of any such effect. 

The disastrous and terrific work of tornadoes, cyclones, and 
water-spouts is now accounted for, in which a slight gyratory beha- 
vior of conflicting winds is augmented into a force to tear up trees 
and carry them to great height ; to lay waste buildings, and unmast 
ahips ; to carry up vast columns of vesicular vapor, and sometimes 
even whole water ; emptying ponds of their contents, giving rise 
to those showers of solid substances,* sometimes even living ones, 
auch as frogs and fishes, which are noticed from time to time. 

The great snake story of Illinois, said to be the greatest on rec- 
ord, reported in the u Illinois State Register,” of June lst| 1869, 
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and copied in the “New York Sun,” of the 6th, is remarkable. 
We are told that after a fearful tornado, which occurred on Friday 
night, May 28th, every ditch, brook, and pool, on the prairie north 
of Taylorville, was literally alive with nondescript reptiles, some 
of which were from one and a half to two feet long. Whether 
this be fact or fiction, it is, to say the least, plausible. 

And now, while writing, the u Louisville Commercial,” of Janu- 
ary 19th, 1870, brings the account of a terrible tornado, which 
occurred on the morning of the 17th, before the break of day, at 
Cave City, Ky., a town of four hundred inhabitants, by which 
nearly the whole of it was laid in ruins ; fifteen persons killed, and 
twenty-five seriously injured. In this, trees, ten to twenty inches 
in diameter, were wrenched up by the roots ; some were twisted 
into fantastic shapes, splintered, and strown about ; others were 
carried bodily hundreds of feet; buildings were torn to pieces, 
and scattered like chaf£ leaving not a vestige to mark the places of 
once peaceful and happy homes. A house was struck, violently 
turned around, struck again, and almost instantly levelled to the 
ground. The furniture disappeared entirely, was smashed to 
pieces, and borne on the wild winds beyond the limits of the town. 
The bursting and detonations of ball lightning were of remarkable 
frequency during the passage of this cyclone, which extended 
some ten or twelve miles. 

In the formation of two or more distinct 6trata of clouds as 
described above, is to be found the condition which, according to 
most philosophers, is indispensable in the production of hail. It is 
known that water under some conditions may remain in a liquid 
state at a temperature many degrees below the freezing point, and 
that it may instantly congeal under some mechanical agitation. 
Now the water at the upper surface of a cloud may be in such a 
state. We can, therefore, see how aggregation in the form of 
sleet falling from a superposed stratum may produce the necessary 
agitation, and thus become immediately coated with a laminated 
covering of ice, forming hailstones. But I will not dwell further 
on this complex subject. 

Aurora Borealis 

is a phenomenon which I take to be as fully due to atmospheric 
electricity as are any of those before considered. 

According to the testimony of all observers, this phenomenon is 
always accompanied by a peculiar haze or veil, which, although 
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allowing the light of the stars to pass, gives the sky a sombre 
aspect 

This haze is known to be composed of fine transparent needles 
of ice. M.M. Bixio and Baral, being raised in a balloon to a 
great height, found themselves, on a sudden, although the sky was 
serene and the atmosphere cloudless, in the midst of a perfectly 
transparent veil, formed of a multitude of little icy needles, so fine 
that they were scarcely visible. 

Dr. Richardson, in a temperature of 57° below freezing point, 
having seen an aurora, the arch of which was near the zenith, 
remarked that, although the sky appeared perfectly serene during 
the display, a fine snow was falling scarcely perceptible to the 
naked eye. At another time he witnessed a similar fact under a 
brilliant sun, the rays of which permitted him to distinctly see the 
transparent icy needles. Gisler says that, in Sweden, upon the 
high mountains, the traveller is sometimes suddenly enveloped in 
a transparent fog, of a whitish gray color, passing into green, which 
is transformed into an Aurora Borealis. When such haze or parti- 
cles of ice are precipitated from vapor, highly electrized, the elec- 
tricity becomes free and luminous, as was the case in the snow 
cloud described by Beccaria. 

We are led to the conclusion, therefore, that the aurora arises 
from electric discharges which take place between the luminous 
icy particles suspended in the air, and which in infinite numbers 
communicate with the earth or moist air below. 

The arch from which the auroral streamers are seen to radiate 
is the boundary between the cold region, occupied by the icy 
needles, and the milder region of moist air in which the discharges 
cease to be luminous. 

We may suppose that the production of auroras ih the arctic and 
antartic regions should be the normal state, and of daily occurrence, 
in which the establishment of electric equilibrium between the 
great tropical current and the earth should be manifested. 

And so it would, were it not that this great current has met 
with many interruptions, and been often arrested in its regular 
course, by such disturbances in the underlying strata as I have 
before mentioned ; so much so, indeed, that, whenever any portion 
of it is transported to the polar regions, it forms rather the excep- 
tion than the rule. 

Bat occasionally it does, in part, reach the high latitudes, and 
then aurora polaris can scarcely fail to appear. 
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These icy needles, generated in a region of intense cold, are 
peculiar. Unlike the congelation of sleet and hail, or the crystal- 
lization of snow-flakes, from particles of water, they are precipitated 
directly from the transparent vapor, without its passing through 
the intermediate liquid state. Like the ultimate vesicles and 
other individualities of a cloud, they maintain their own indepen- 
dent electrical spheres, and not only repel each other, but are, from 
their very inception, polarized. 

The molecules of the vapor, too, of which they are formed, I 
infer, were polarized, and were, therefore, forced to unite in the 
exact manner to give them their pecular filamentous or needle- 
like form. Being precipitated from vapor, intensely positive, 
they themselves are endowed with positive electricity equally 
intense. 

How, then, must they dispose themselves in their relation to each 
othqr, when floating freely in the air ? Certainly in parallelism, 
and with their positive poles directed towards the negative earth ; 
therefore, when discharges between such haze and the earth, or the 
lower stratum of moist air, become visible, they must appear in 
lines parallel with the direction of the icy needles. How beauti- 
fully apparent, then, is the rationale of these splendid displays ; the 
flickerings, the streamers, the coronas, and the merry dancers , all 
moving in exact obedience to the slightest electric or atmospheric 
changes ! But 


Terrestrial Magnetism 

has an effect in a way not yet well understood, in modifying and 
giving direction to the auroral movements. The well-known effects 
of a magnet upon the electric arch between the poles of a power- 
ful battery, and upon discharges through rarified air, are supposed 
to present some analogy to this terrestrial magnetic effect. 

We are now obliged to discard the idea of extra-atmospheric 
aurora, as well as that of reflected solar light, and must admit that 
the phenomenon is confined to the regions where haze and dims 
clouds are wont to form ; and, from the abundant evidence we have 
of their frequent presence in regions very low down, we are 
relieved from the necessity of supposing that the rarity of the air 
in the high regions is indispensable to the transmission of aurora, 
although we know that the more rare the air (within certain limits) 
the greater is the facility offered by it for the transmission. 
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Aurora not high up . 

In proof that aurora may not always be high up, I quote the 
following : — 

“ Captain Franklin saw an Aurora Borealis, the light of which appeared to 
him to illuminate the lower surface of a stratum of clouds, whilst twenty-five 
miles further on, Mr. Kendall, who had watched the whole night without losing 
sight of the sky, did not perceive any trace of light.” 

“ Captain Parzy saw an Aurora Borealis display itself against the side of 
a mountain.” 

“ Lieut. Hood and Dr. Richardson, being placed at a distance of about 
forty-three miles from each other, in order to make simultaneous observa- 
tions, whence they might deduce the parallax of the phenomenon, and 
consequently its height, were led to recognize that it had not a greater eleva- 
tion than five miles.” 

Finally, “ M. Liais, having had the opportunity of applying a method 
of his to the measurement of an aurora, seen at Cherbourg, Oct. 31st, 
1853, found that the arc of the aurora was about two and one-half miles 
above the ground at its lower edge.” 

The Noise of Aurora . 

The whizzing, or noise of crepitation, often heard by observers 
ip high latitudes, although denied by some learned philosophers, 
presents to my mind ample evidence of the low position of many 
aurorae. 

I quote further : 

“M. Verder, on the night of Oct. 13th, 1819, being in the latitude of 
Newfoundland, heard very distinctly a sort of crackling noise or crepita- 
tion, when the building that he ascended was in the midst of an aurora.” 

“ It is generally admitted by the inhabitants of the northern regions that, 
when the aurora appears low, a crackling is heard similar to the electric 
spark.” 

“ M. Hamm, inspector of forests in Norway, wrote M. Hansteen that he 
had heard the noise, and that it always coincided with the luminous jets.” 

“Dr. Gissler, who for a longtime dwelt in the north of Sweden, remarked 
that the matter of Aurora Borealis sometimes descends so low that it touches 
the ground ; at the summit of high mountains it produces upon the face of 
the traveller an effect analogous to that of wind.” 

Any one who has placed his face or hand near an intensely 
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charged prime conductor cannot fail to understand the nature of 
the effect here spoken of 

“ Dr. Gissler adds, that he has frequently heard the noise of aurora, and 
that it resembles a strong wind, or the whizzing that certain chemical mat- 
ters produce in the act of decomposition.” 

If the electric discharges through the haze are interstitial, dart- 
ing from needle to needle, as they undoubtedly are, we cannot 
doubt that such crepitation would be observed by persons near 
enough to hear it. 

The Odor of Ozone. 

The pungent odor spoken of, as observed by some who have 
heard the noise, goes far to strengthen the evidences here cited. 
This odor is undoubtedly that of ozone, which is evolved as well 
in the infinitesimal discharges of aurora as in flashes of lightning; 
it is represented as identical with that observed at the discharge of 
a powerful Leyden jar, and is, without doubt, from the same 
cause. 

In view of the foregoing evidence, it seems to me that there 
must have been some fallacy in the parallaxes which have placed 
aurorae at the great heights of four, five, and six hundred miles ; for 
at such elevations there is no appreciable atmosphere, or, at most, it 
is too rare to sustain clouds or haze of any kind. 

Is it not probable that the appearances presented by a haze in a 
given region may change, according to the point from which it is 
observed ; or may it not present an aurora at one point, and be dark 
at another? Might it not have been so in the case of Franklin and 
Kendall, above quoted ? 

Arago held that to attempt to measure the height of an aurora 
was as futile as to attempt to measure the height of a rainbow. It 
is, indeed, certain that, in some points of view, each observer does 
see his own Aurora Borealis as he sees his own rainbow. 

Electric Storms. 

Aurora Borealis has so generally been accompanied and pre- 
ceded by great disturbances of the magnetic needle, that it has 
been called a magnetic phenomenon ; and the general operation 
which causes such disturbances, as well as the remarkable effects 
upon the telegraph wires, in sometimes neutralizing, and, at others, 
greatly augmenting the force of the battery current, has been 
called a magnetic storm. 
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I prefer to call it an electric storm ; for it is no more nor less than 
an operation of atmospheric electricity moving in alternate and 
varying directions. 

Electricity passing a magnetized needle, in any direction except 
in a line directly transverse to the magnetic meridian, always 
causes it to diverge more or less, as when a current passes through 
a galvanometer coil ; it is, therefore, as much an electric phenome- 
non as the deviation of the galvanometer, or as the battery current 
itself. We might as well call a common thunder-storm mag- 
netic, for it produces effects in all respects similar, but still more 
energetic and rapid. 

Coincidence with spots on the Sun. 

A peculiar and interesting circumstance appertaining to auroras 
is their periodic coincidence with the appearance of spots on the 
sun. 

The records go to show that the two phenomena have their 
maxima and minima nearly simultaneously. 

Commencing with the year 1763, the maxima of spots, and of 
the aurora, appear in the following: — 


Maxima. 

Maxima. 

From 1768 
to 1769 

6 years 

From 1816 
to 1880 

14 years 

“ 1779 

10 " 

“ 1837 

7 “ 

“ 1788 

9 " 

“ 1848 

11 “ 

“ 1804 

16 “ 

“ I860 

12 “ 

“ 1816 

12 “ 




The length of the periods varies from six to sixteen years. 

The sun evidently possesses powerful electro-dynamic properties 
as well as magnetic polarity. 

Although the forces which act upon the magnetic needle ema- 
nate directly from the earth, and are probably induced, in part at 
least, by electric currents circulating around it, still the prime 
source of all such induction is undoubtedly to be found in the sun 
itself^ in its electro-dynamic and magnetic forces. 

Now, the auroral phenomena being influenced as we see them by 
terrestrial magnetism it is not difficult to comprehend how any 
such great disturbances as must be produced in th9 sun’s emana- 
A. A. A. 8. VOL. XIX. 13 
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tion, by the formation of large spots on its surface, may be the 
occasion of the coincidence mentioned. 

I apprehend that if physicists will hereafter bring their imagi- 
nations nearer to the earth in their investigations of auroral dis- 
plays, and will candidly consider the facts and hypotheses above 
detailed, they will be able to see that they are inter-atmospheric 
phenomena, as simple, and as easily accounted for, as are halos, 
lightnings, clouds, or rainbows. 


2. The Noethers of Texas. By Solomon Sias, of Charlotte- 
ville, N. Y. 

Among the meteorological phenomena peculiar to Texas are 
what are termed w the Northers ” from the main direction of the 
wind. In 1858, Prof. Joseph Henry gave a general explanation of 
their occurrence ; yet, as a whole, no phenomenon is less understood, 
nor is there any respecting which so extravagant stories are told, 
and it is the object of this essay to present some of the phenomena 
connected with them, and, if possible, lay the ghost of exaggera- 
tion. The observations were taken from 1859 to 1866, in lat. 33° 
40' N., long. 96° 13' W. 

Commencement. 

The wind from whatever quarter blowing, usually S., S. E., or S. 
W., either dies entirely away or very materially slackens, and is 
changed to a cold, piercing, north wind. This is a Norther. Some- 
times the wind slowly veers through the west to the north, coining 
so gently at first that it does not turn the wind-vane, and can only 
be detected by the smoke which lazily floats southward. In a few 
hours this increases, until, on the Smithsonian scale, it reaches a 
maximum force of three or four (or velocity varying from twelve 
to twenty-five miles per hour), sometimes six; holds this rate 
several hours, perhaps a day or two ; then gradually slackens, or 
comes in gusts mixed with an easterly or south-easterly current ; 
and finally disappears, a south wind prevailing. Frequently, and 
we may say usually, the change is so sudden and marked that a 
person standing in the open air feels it slap him with a chilling 
roughness, and almost immediately the moisture is dried upon him 
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which the preceding warmth had produced. While riding over the 
prairies, uncomfortably warm in the lightest clothing, I have repeat- 
edly been struck by them, and before I could wrap my blanket 
around me been as uncomfortably cold. It is amusing to see with 
what rapidity windows are shut, clothing changed, and fires kindled 
when they come. Sometimes, instead of changing, the preceding 
wind dies entirely away, and a dead, oppressive, suffocating calm 
ensues, to be broken in a few hours by the wild bursts of the 
descending Norther. 

There is no time of day, so far as I have observed, set apart for 
their coming. In one hundred and twenty-eight consecutive cases, 
sixty-two arose in the daytime, and sixty-six by night. In the 
year commencing October, 1859, there were fourteen by day, 
and twenty-two by night; the next year twenty-three by day, 
and twenty-four by night ; the next year twenty-five by day, and 
twenty by night ; and those occurring during this time by day 
seem pretty equally divided between the fore and after noon por- 
tions. 


Force. 

In the majority of cases the initial force of a Norther will not 
rise above three on the Smithsonian scale. They frequently com- 
mence faint as a summer’s zephyr, again bend the trees like reeds, 
and I have known the brick walls of our Institute to quiver at the 
first striking of the blast. I have frequently been told when a high 
Norther struck, “It will hold like this till it is done ; ” but my ob- 
servations fail to confirm the statement. They die down in a few 
hours to a force of about two, hold at this rate perhaps a day or 
so, *.hen fade entirely away. The Northers frequently fluctuate in 
force during the day, decreasing toward night, swelling again in the 
night or the next day. The following examples will give a pretty 
fair illustration of their phenomena and changes:. — 

Feb. 5, 1860. Norther began in forenoon; very gentle; lasted 
all day and the next ; dying out on the 6th at about pm. 

Feb. 9, 1860. Norther began between 5 and 6 a.m. ; increased 
in force until it blew full four ; held at that rate all day ; next 
morning was between one and two ; increased during the day to a 
force of three, dying down toward night ; blowing next morning 
with a force of about one, and veering at 9 a.m. to west. 

March 3, 1860. Norther began at 10£a.m.; wind before S. 
W. three ; changed suddenly to N. three ; died down at 4 p.m. 
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Jan. 26, 1863. Norther began in night before, blowing in morn- 
ing with a force full three ; increased during forenoon ; died down 
in afternoon ; next morning was hardly perceptible ; increased in 
forenoon; decreased in afternoon; and changed in night to a 
south wind. 

The wind in a Norther is not always strictly from the north ; it 
frequently veers for a few hours to N.E. or N.W., or back and 
forth between these points, and I have known it to give way com- 
pletely for an hour or two to a southerly wind. This veering and 
changing, however, seldom occur in the early stages, or in a 
Norther of high degree. 

Duration. 

It is often difficult to fix the duration of Northers. First . They 
may commence or end in the night. Second. The regular hours of 
observation were 7 a. m., 2 and 9 p. m. Suppose at 7 a. m. the wind 
was S. 1, and at 2 p. m. was N. 1, — query, “ When did the Norther 
begin?” The commencement of the severe ones occurring in the 
daytime can be told, but if they fade away when do they end? 
Again, when does a north-east or a north-west wind become a 
Norther, or cease to be one? Again, as stated, a Norther occa- 
sionally gives way to some other wind ; suppose one of these inter- 
polated winds occurs at the time of observation, shall we call it 
one Norther with varying winds, or several with intervals of from 
one to six hours? I have considered it one Norther from the time 
I detected a regular north wind until it became a settled one south 
of the east or west points ; and in this way have found they last 
from one hour to six or seven days. Thirty per cent, are less than 
twelve hours in duration ; fifty per cent, do not last over a day ; 
and less than eight per cent, continue over three days. The longest 
period occurs about Christmas, and is worthy of special note, as it 
is the only one of sufficient length and intensity to be of service. 
It comes from the 24th to the 28th of December, lasts from three 
to seven days, and with the cold spell that follows constitutes a lit- 
tle winter, in which the people can lay in their supply of meat. 
All hands are waiting for it, — guns, pistols, knives, are ready ; and 
as soon as the first regular blast is felt you hear shouts and squeals 
in every direction. 

Interval. 

It is a commonly received notion that the Northers return once 
a week, but my observations fail to confirm it. From Oct. 1, 1859, 
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to the last Norther in the following June, we have thirty-eight 
Northers in two hundred and sixty-six days, or a return of exactly 
once in seven days ; in the following year a return of once in six 
and three-eighth days; and in the next, of once in six days. 
These yearly averages would seem to give a period agreeing with 
the popular notion ; but what are the actual intervals ? In October, 
1869, they were respectively 7, 10, 8, 16 days. February, 1860, 
they were 4, 4, 4, 6, 6, 4 days. November, 1860, they were 2, 9, 3, 
4, 4, 4, 3, 2 days. These actual intervals bear but slight resem- 
blance to the yearly average. The general average, therefore, can 
be of no use in ascertaining the probable interval between them, and 
of little in ascertaining the physical law producing them. The 
interval elapsing from the end of one to the commencement of the 
next is even more irregular than the numbers given ; and I cannot 
find any relation between the severity of a Norther and the inter- 
val that precedes or follows it. 

Number . 

The total number of Northers in a year varies from thirty-five 
to forty-eight; the average is about forty-two or forty-three. We 
are told they commence the last of September and end in May ; 
but meteorological observations show they commence earlier and 
end later ; in fact, that there is no month in which they may not 
occur. The discrepancy between fact and the common idea doubt- 
less arises from the harmless nature and refreshing character of the 
wind during the summer months. In 1860, there were two in 
June, and one in August; there was no north wind or barometric 
substitute for it in July that year. In 1861, a Norther, having a 
force of five, came up suddenly at 2 P.M., the 11th of June, and 
lasted the rest of that and the whole of the next day. In 1862, 
there were several in June, one having a force of three, and lasting 
four days, another lasting two days ; in July, one ; August, one ; 
September, three ; Oct. 9th, one came, lasted five days, gave a frost 
on the 11th, and was said by the citizens of our place to be “the 
first Norther of the season,” — with what meteorological accuracy 
we have seen. In July, 1863, there was one ; in August and Sep- 
tember, two each. In July, 1864, one ; in August, two. The 
conclusion, therefore, is that they may occur every month ; but the 
intervals are longer, and the winds less marked, from the first of 
June to the last of September ; while from October to June they 
occur within intervals of from two to sixteen days, having a yearly 
average of forty-two or forty-three. 
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Thermometric Phenomena. 

The thermometer usually falls during a Norther, though I have 
a few cases recorded in which it has risen. These exceptional 
cases I attributed to the Norther’s clearing away the clouds of a 
preceding storm. The thermometer frequently falls rapidly at 
their commencement, — it is said, sometimes seventy degrees in 
fifteen minutes ; but I have never witnessed such rapid or extreme 
falls. The greatest I have noted is twenty degrees the first hour 
and fifteen the next, making thirty-five degrees in two hours; and 
this is a very exceptional case. In the following cases the actual 
fall is given from the last recorded observation preceding the 
Norther to the first one after it began : October, 1859, the fell was 
5°, 7°; November, 16° ; December, 35°, 17°, 7°, 4°, 20°; January, 
1860, 0°, 12°, 25°, 4° ; February, 4°, 10° ; March, 0°, 10, 1°, 3°, 0°,— 
making an average of ten degrees to the Norther. In Northern 
Texas there is always a great fell in the thermometer from 2 to 9 
p.m. ; and if a Norther commences in the afternoon it is questiona- 
ble how much is owing to its presence. I have, therefore, in the 
above cases omitted all that began between 2 and 9 p.m. If we 
take all that occurred from October, 1859, to last of June, 1860, 
the general average would not materially differ, being ten and one- 
ninth degrees. The average for December, 1864, was seventeen 
degrees ; that for the year from October, 1864, to June, 1865, was 
thirteen degrees. Small as the thermometric fall appears in figures, 
the Northers are frequently accompanied by frost out of season, 
and on, this account are dreaded by all. 

Barometric Phenomena. 

Usually the barometer commences falling from two to six days 
before a Norther sets in, and drops down slowly, but pretty regu- 
larly, until the first stroke of the Norther, when it rises rapidly. 
Frequently the fall is more rapid just before the change ; and I have 
often been led to the belief that a Norther was close at hand by 
this phenomenon, in the absence of the other usual indications, and 
I do not remember ever being disappointed. And the almost inva- 
riable feet that it rises the moment one begins has sometimes been 
my first and surest evidence that one is blowing. Frequently the 
rise during a Norther is greater than the normal height, or that 
reached in the preceding interval. The following taken at random 
will give an idea of these changes, the height being reduced to the 
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freezing point: Nov. 11, 1859, preceding fall, 0.488, rise, 0.933; 
Jan. 11, 1860, the fall was 0.129, rise, 0.111 ; on the 26th the fall 
was 0.190, the rise, 0.510; Oct. 7th, 1863, the fall was 0.337, the 
rise, 0.232. I have failed to detect any relation between the 
severity or continuance of a Norther, and the amount of the baro- 
metric fall before or rise in it. 

Peculiar Phenomena. 

Kinds. — The Northers may be divided into two classes, — the 
Wet, or those accompanied by rain, sleet, or snow ; and the Dry, in 
which the sky is clear, or but partially covered with clouds. If 
the preceding wind has been east of south, we usually look for a 
Wet Norther; if it has been directly south, the sky laden with 
clouds, and the Norther does not scatter them immediately, it may 
be Wet; if the wind has been west of south, it is usually a Dry 
Norther. This I attribute mostly to our position in relation to the 
Gulf. As the prevailing winds are a little west of south, by far the 
greater part are Dry, and if not sufficiently cold to freeze the little 
bodies of surface water speedily evaporate them. It is a curious 
fact that the air constituting a Norther seems to be utterly dives- 
ted of water. Even the wet ones do not bring their moisture with 
them, but derive it from the already laden air. If there are any 
clouds floating, a Dry Norther is occasionally ushered in with a 
dash of rain ; but in this case the Norther commences suddenly, 
and with considerable force. 

Depth . — The Northers are mere surface winds. When the 
wind is ranging from three to five the clouds, and even down, are 
frequently seen floating in the opposite direction. The gusts of 
wind sometimes seem to actually roll along the ground. 

Ozonic Nature. — The Northers, usually the Dry ones, are fre- 
quently ushered in or accompanied with a peculiar smoky smell ; 
sometimes a whitish curdling of the air ; occasionally a peculiar, 
dry, fog-like appearing substance drifts along the surface of the 
earth, scarcely ever over ten or fifteen feet in height. The smell 
and appearance do not resemble those of burning grass or wood, 
and occur at all seasons. The curdling of the air is a peculiar feat- 
ure of the Northers, and is almost indescribable. Imagine a dry, 
waterless fog drifting along the ground, catching in the high weeds, 
among the leaves of shrubbery, and wrapping around the trunks 
and lower limbs of the trees, of a grayish white color, and the air 
looking mottled, — and you have as good an idea as words can con- 
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vey. Suspecting the smoke and fog were connected, and ozonic in 
nature, I repeatedly prepared test papers, and in no case failed to 
get a speedy action upon them. I, therefore, attribute them to its 
presence. 

Effect. — The effect of Northers on vegetation and disease is 
like what we would expect from an ozonic air. If it is a dry one, 
vegetation wilts during its continuance, as if it were subjected to a 
drouth, and only the shortness of a Norther saves it from suffering. 
Low or typhoid fevers are benefited by them more than can be 
attributed to the cooling of the atmosphere ; colds are rarely pro- 
duced by them, even in exposed cases ; and consumption is scarcely 
heard of in the regions where they prevail. In fact, whether attrib- 
utable to them or other climatic influences, persons afflicted with 
asthma or consumption seem to get a new lease of life by moving 
to those sections. 

Heralds . — A warm moist wind blows from some southerly quarter 
a levy days ; the thermometer rises ; the barometer sinks slowly, then 
rapidly; the wind materially slackens, veers to the west, or gives 
way to a dead, oppressive calm; and, lastly, a peculiar dark cloud- 
like appearance forms in the north or north-western horizon, slowly 
rises, and when in a few hours it reaches an angle of thirty or forty 
degrees the Norther bursts upon us. 

Attendants . — Usually the immediate rise of the barometer and 
falling of the thermometer ; sometimes a dash of rain ; occasionally 
the ozonic smell and curdling of the air ; almost invariably the 
rapid disappearance of the northern cloud-like formation ; and fre- 
quently so great a reduction of temperature that a frost or freezing 
occurs out of season. 


8. Description op an Arctic Tide-Gauge. By John M. Batch- 
elder, of Cambridge, Mass. 

This instrument is intended for registering the height of the 
tide at stations where the float and box commonly used are liable 
to be obstructed by ice. 

A strong iron tube, about four inches in diameter, is firmly bolted 
to a wharf or pile. It is open at the top, and has at the lower end 
a nipple to which an India-rubber bag is fastened, — the length 
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of the tube being sufficient to allow the elastic bag to be always 
submerged at the lowest stage of the tide. 

The bag is supported by a suitable shelf, or cage, and is filled 
with glycerine, which is poured in at the top of the tube. When 
in this condition the glycerine rises and falls within the iron tube 
in proportion to the varying height and pressure of the column of 
water above the rjibber bag, the difference in the height of the 
two columns being in proportion to the difference of the specific 
gravity of the water and the glycerine. The parts above described 
insure protection from floating ice, and prevent congelation within 
the iron tube. 

A copper tube, about three inches in diameter, closed at the bot- 
tom, and open at the top, is placed within the iron tube, and floats 
in the glycerine : if left free it would rise and fall with the chang- 
ing level of this liquid. The length of the central tube is a little 
greater than the whole range of the tide. 

Near the upper end of the outer tube, there are three spiral 
springs, fixed at the top and united at the bottom by a plate or 
disk, from which the central copper tube is suspended. From a 
stem fixed to the centre tube or float, and moving with it, a string 
or chain leads over a single pulley, and gives horizontal motion to 
the pencil carriage of the recording apparatus. 

The distance that the central tube is to move, vertically, is ad- 
justed to agree with the required range of the pencil upon the 
record paper, by placing within it suitable weights. 

As the glycerine rises or falls in the annular space between the 
iron tube and the central float, the spiral spring at the top is more 
or less extended, the extension being uniform on account of the 
cylindrical form of the float. 

It is not necessary that the India-rubber bag be enclosed in a 
perforated box for the purpose of preventing oscillation ; as it is 
always submerged, and the pressure upon it is equal to the weight 
of a column of water, having its base at the bag, and its summit 
at the mean level of the surface waves. 

This instrument has been constructed by the United States 
Coast Survey, and is now in operation at the tidal station in the 
Boston Navy Yard. 
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4. The Isothermals of the Lake Region. By Alexander 
Winchbll, of Ann Arbor, Michigan. 

It may be remembered that four years ago, at the Buffalo meet- 
ing of this Association, I read a paper on the “ Fruit Belt of 
Michigan,” in which I presented some statistics, illustrating the 
influence of Lake Michigan upon the climate of the contiguous 
regions on the east side. More recently I have had occasion to 
continue my investigation of the climatology of the Lake Region, 
and to prosecute it to a much greater degree of thoroughness and 
detail. For this purpose I have accumulated all the meteorologi- 
cal observations ever published from within the limits of the State 
of Michigan, as well as many observations yet unpublished. For 
purposes of comparison, I have collected similar data respecting 
more than fifty selected localities lying outside of the State of 
Michigan. The Michigan observations aggregate two hundred and 
eighty-four years, and those of the other localities four hundred 
and ninety-three years. The result of this discussion is to estab- 
lish from extensive inductive data the existence of very remarkable 
influences exerted by the great lakes upon the temperature of the 
regions adjacent. A general statement of these results is here 
presented. 

For the purpose of exhibiting the thermometric generalizations 
to the eye, I have constructed nine isothermal charts, covering the 
area between the fortieth and forty-eighth parallels of latitude, and 
between the eightieth and ninety-seventh meridians. This em- 
braces the region within the influence of Lakes Superior, Michi- 
gan, and Huron, and the valley of the Mississippi as far west as 
Kansas and Nebraska. 

It is well known that these great bodies of water exert a cooling 
influence in summer, and a warming influence in winter. The 
isothermal charts for July and January, to which I direct your 
attention, present these influences in strong contrast. Turning 
our attention first to the chart for July, we are at once impressed 
by the magnitude of the Reflections of the isothermals in passing 
the great lakes. These deflections are toward the south, in conse- 
quence of the cooling influence of the lakes. In the lower penin- 
sula of Michigan the lines all form loops opening southward, 
showing that the mean temperature of July, in the interior, is much 
higher than along the lake borders. And yet, within the peninsula 
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of Michigan, the isothermals do not attain so high a northern limit 
as in the continental region west of Lake Superior. The isotherm 
of seventy degrees, for instance, first appears within the limits of 
the chart in the latitude of forty-eight degrees in the valley of the 
Red River of the North. Passing south-eastward and eastward to 
the valley of the Menominee River, it comes within the influence of 
Lake Michigan, and bends directly southward through Green Bay 
and Milwaukie to latitude 42° 40', and thence trends northward to 
Traverse City in latitude 44° 40'. Here it is deflected southward 
again under the influence of Lake Huron, and, passing Saginaw 
and Sanilac, finally bends north-eastward to attain its normal 
position, striking Penetanguishene on Georgian Bay of Lake 
Huron. West of Lake Michigan, this isotherm sweeps across a 
latitudinal belt of five and a half degrees. Within the peninsula 
of Michigan, it is deflected first northward two degrees, and then 
southward one and a half degrees. 

Similar deflections are experienced by the isotherms between 
67° and 72°. The isotherms of 78°, 74°, and 75°, appear to escape 
much of the influence of Lake Huron. The isotherm of 74° 
divides in Southern Michigan, — one branch passing eastward 
through Northern Ohio, and the other southward through Central 
Indiana and Southern Ohio. The State of Ohio consequently 
constitutes an area of uniform temperature in July, which is iden- 
tical with the mean temperature of Central Michigan to the limit 
of four and a half degrees of latitude, or three hundred miles, 
further north. 

An area in the south-eastern part of the peninsula of Michigan 
seems to be an area of cold ; since the temperature is two or three 
degrees colder than it is on either side. There exists a region in 
this part of the State which is topographically elevated about three 
hundred feet above the general level of the peninsula. It is the 
region of outcrop of the sandstones of the Marshall Group, but it 
is not entirely coincident with this area of cold. An area of 
warmth seems to be indicated in Northern Iowa. 

It will be observed that the cooling effect of Lake Michigan is 
somewhat greater on the west side than on the east. Not only are 
the isotherms deflected from a higher latitude on the west side, 
but they likewise attain a somewhat lower latitude. The low- 
est deflection of the curve of 75°, for instance, is at Ottawa, 
111., to the west of the meridian of the lake. The curves of 71° 
and 72° are also somewhat more southern on the west side than on 
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the east. This circumstance is undoubtedly accounted for by the 
slight preponderance, during July, of winds from the east of the 
meridian. Thus, at Chicago, this preponderance is as 60 : 33 = 
1.82; at Milwaukie, as 48 : 37 = 1.30. But at Milwaukie, and 
further north, northerly and even north-westerly winds feel the 
influence of Green Bay. 

Contrasting with these results those represented on the iso- 
thermal chart for January, we are at once struck with three 
phenomena: 1st, the great deflection of the isothermal lines; 
2d, their northward deflection ; and 3d, the exertion of an exces- 
sive amount of lake influence upon the east side. All this is illus- 
trated by tracing the isotherm of 22°. Coming within the limits 
of the chart, a few miles south-west of Omaha, it pursues an 
undulating course eastward to Ottawa, in Illinois, when it 
bends abruptly northward, passing west of Chicago, and east of 
Milwaukie, to Northport, at the mouth of Grand Traverse Bay, 
whence it bends southward to Corunna, in the middle of the 
lower peninsula of Michigan, and northward again to Thunder 
Bay Island of Lake Huron, and thence east to Penetanguishene on 
Georgian Bay. The isotherm of 23° reaches almost as far north ; 
but, in crossing the peninsula of Michigan, it strikes southward 
into Northern Indiana and Ohio, thence northward again almost 
to Thunder Bay Island. The sinuosities of this isotherm spread 
over a belt four and one-half degrees, or three hundred miles in 
width. In other words, the influence of the lakes is such that the 
mean temperature of January at Northport and Thunder Bay 
Island is identical with that of Omaha, Peoria, Chicago, and Fort 
Wayne. The January temperature of Mackinac and Marquette is 
the same as that of Green Bay and Fort Winnebago. 

An island of cold is again indicated in the south-eastern part of 
the peninsula of Michigan. In this case its form and position cor- 
respond quite exactly with a region of elevation. The area in 
Northern Iowa, which in July is an island of warmth, appears to be 
in January an island of cold. A similar one exists in the elevated 
region of Southern Wisconsin, while a remarkable axis of cold 
stretches through Northern Wisconsin and Minnesota. This axis 
is not entirely coincident with the crest of the ridge dividing the 
tributaries of Lake Superior from those of the Mississippi ; since 
the warming influence of Lake Superior crowds it about sixty 
miles southward. 

One of the most striking phenomena exhibited by the chart for 


Digitized by 


Google 





PHYSICS 07 THIS GLOBB. 


Ill 


January is the excess of the wanning influence along the eastern 
side of Lake Michigan. The isotherm of 23^° strikes from Chicago 
directly to Northport, almost at the opposite end of the lake. The 
contrast in January temperature between the opposite shores of 
the lake is, for the northern hal£ four degrees, and for the southern, 
six degrees. This circumstance is due to the fact that the cold 
winds of the region come from the west and south-west. The 
precise ratios of the winds from the east and the west of the me- 
ridian in January are at Chicago, according to eleven years’ obser- 
vations, as 72 : 5=14.4; at Milwaukie, for thirteen years, as 
60 : 18 = 3.33; at Manitowoc, for eleven years, as 67 : 11 =6.09. 
These results embody all January winds, except those directly from 
the north or south. The reason why the excess of wanning influ- 
ence on the east side is greater toward the south than toward the 
north is evidently because north, and even north-west, winds 
coming from Green Bay add their warming effect to that of Lake 
Michigan in all the region north of Milwaukie. 

The isothermal charts for the summer and winter contrast in the 
same way as those for July and January. From the summer chart 
we perceive that the isothermal of 72° makes its advent upon the 
northern limit of the chart, and disappears upon its southern limit 
only 12° of longitude further east. Coming from the Winnipeg 
country, it passes near Dubuque and Ottawa, thence into the cen- 
tre of the peninsula of Michigan. Sweeping around this region, 
it strikes directly south to Germantown and Portsmouth, in Ohio. 
The summer temperature of the Winnipeg region, and of Central 
Michigan, is identical with that of Northern Illinois and Southern 
Ohio. Areas of cold exist in South-eastern Michigan and Northern 
Minnesota ; and large areas of uniform temperature in Wisconsin, 
Indiana, and Ohio. 

The excess of cooling influence upon the west side of the lake, 
during the entire summer, is quite noticeable. The isothermals, in 
approaching the Lake Superior region, make an angle of 45° with 
the meridian ; and under the influence of Lake Michigan they be- 
come quite parallel with the meridian. It does not appear that, in 
the Lake Superior region, any excess of winds from the lake exists ; 
but, in the vicinity of Lake Michigan, such excess is well estab- 
lished. At Chicago, the winds from the lake are to those from the 
land, during summer, as 151 : 119 = 1.27 ; at Milwaukie, the lake 
winds are to the land winds as 142 : 104= 1.27 ; at Manitowoc, 
the lake winds are to the land winds as 153 : 123 = 1.24. 
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From the winter chart we notice that the isotherm of 24° undu- 
lates oyer a breadth of more than two hundred miles. Other 
isotherms are similarly sinuated. The mean winter climate of 
Mackinac is 20° ; and is identical with that of Green Bay, Fort 
Winnebago, and Fort Dodge. 

The excess of the warming influence on the east side of Lake 
Michigan is most apparent. The winter mean of Chicago is 24£°, 
while that of New Buffalo, in the same latitude, is 28°. The win- 
ter mean of Milwaukie is 22°, while that of its vis-a-vis , Grand 
Haven, is 26°. The winter mean of Fort Howard is 20°, and of Ap- 
pleton, 19° ; while that of Traverse City, farther north than either, is 
23 J°. These contrasts illustrate again the effect of the prevalence, 
during the cold season, of winds from the west of the meridian. 

As to the isothermals for the spring and autumn, it might be 
expected that they would suffer little deflection under the influence 
of the lakes. Comparatively speaking, this is the case ; but it will 
be noticed, nevertheless, that a marked cooling influence is exerted 
in spring ; since the isotherm of 43°, for instance, is deflected south- 
ward one hundred and fifty miles. It is worthy of remark at the 
same time, that the maximum deflection takes place on the west 
side of Lake Michigan. On the east side, the deflection of the 
same isotherm amounts to no more than twenty miles. In 
general, we find the mean spring temperature of the eastern side 
of Lake Michigan to be about three degrees higher than the mean 
spring temperature of the western side. As this excess is accumu- 
lated in April and May, — especially in May, — it is at once appar- 
ent that the circumstance has a most important bearing upon the 
growth of spring crops on the opposite sides of the lake. The 
effect is such that the temperature of Grand Haven, March 15, is 
equal to that of Milwaukie, March 21 ; that of Grand Haven, 
April 15, is equal to that of Milwaukie, April 24 ; that of Grand 
Haven, May 15, is equal to that of Milwaukie, May 28. These 
contrasts relate to mean temperatures. They show that vegeta- 
tion on the east side secures a start of six to thirteen days. Add 
to this, protection from exceptional cold, in the form of spring 
frosts, and, to this, the effects of a drier and lighter soil, and we 
get a clear and demonstrative explanation of the difference in the 
agricultural and pomological products of the opposite sides of the 
lake. 

This contrast of temperatures in spring is explained, as before, 
by the predominance, during the cold month of March, of winds 
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from .the west of the meridian, and during the warmer months of 
April and May, of winds from the east of the meridian. Thus, at 
Manitowoc, in March, the winds from the west of the meridian 
are to those from the east as 43 : 24 = 1.8 ; at Milwaukie, they are 
as 44 : 32=1.4; at Chicago, as 57 : 20=2.85. On the con- 
trary, the preponderance of winds from the east of the meridian 
during May is, at Manitowoc, as 37 : 26 = 1.42 ; at Milwaukie, 
as 62 : 24 = 2.58 ; and in April, as 52 : 33 = 1.6 ; at Chicago, in- 
cluding north winds, which are here lake winds, the ratio of lake 
and land winds, in May, is as 44 : 40 = 1.1. 

In autumn the resultant of the lake influences on the west side 
is almost zero; while, on the east of Lake Michigan, a warming 
effect is experienced, amounting, along the southern half of the 
lake, to one or two degrees, and, along the northern half of the 
lake, to three or four degrees. This, as before, is caused by a pre- 
ponderance, during each of the autumn months, of winds from the 
west of the meridian. This preponderance is shown for Chicago by 
the ratio of 151 : 70=2.16; for Milwaukie, by the ratio of 147 : 94 
= 1.56 ; and for Manitowoc, by the ratio of 160 : 60 =2.67. 

The advantages thus secured to vegetation along the east side 
of the lake are not less in autumn than in spring. These singular 
facts depend upon a shifting of the prevalent winds at the end of 
the cold season, toward the close of March, and again at the end of 
the mild season near the close of November. An investigation of the 
monthly means on the opposite sides of the lake, during autumn,, 
shows that the temperature attained at Milwaukie, Oct. 15, is not 
reached at Grand Haven until Oct. 20. The Milwaukie temperature 
of Nov. 15 is only reached at Grand Haven Nov. 23. Com- 
paring Chicago and New Buffalo, we find that the Chicago temper- 
ature of Sept. 15 is the same as the New Buffalo temperature of 
Sept. 21. The October and November temperatures seem to be 
nearly coincident. These comparisons show that the warm season 
is lengthened, on the east side, about six to eight days in the 
autumn. This, added to the time gained in the spring, makes the 
growing season, on the east side of Lake Michigan, from twelve to 
twenty-one days longer than on the west side, — to say nothing 
about exemption from unseasonable frosts and a much warmer 
constitution of the soil upon the east side. 

Turning our attention now to the chart of isothermals for the 
year, we might anticipate that the warming and cooling influences 
of the lakes would exactly neutralize each other, so that the iso- 
A. A. A. 6. VOL. HZ. 15 
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thermals would experience no deflection. We find, however, that 
on the western side the resultant influence is slightly cooling, and 
on the eastern side decidedly warming. The resultant of these 
two influences gives a final resultant of a warming character 
exerted upon the eastern side. This final resultant has a value of 
one-half to two degrees. In other words, Lake Michigan elevates 
the mean annual temperature of the contiguous region nearly two 
degrees above the norm. This results, of course, from the feet 
that the mean temperature of the lake waters is higher than that 
of the land. This excess must be considerably greater than the 
resultant warming influence upon the land. Its explanation is a 
curious and interesting subject of inquiry. It cannot be caused, 
as in the case of the Gulf Stream, by great currents moving from 
tropical regions. Nor can we attribute it to a large volume of 
river water poured into the lake from regions lying to the south- 
ward. Some more occult cause operates to raise the mean temper- 
ature of the lake above the normal temperature of the land. 

I suspect that the mean temperature of the tributary streams of 
the lake is somewhat above the atmospheric mean of the year. 
The greatest volume, perhaps, is poured into the lake during the 
milder months ; but more than this, the waters of the tributaries, 
by the laws of physics, can never be cooled below a certain limit, 
while their warming may proceed to the extreme limit of the 
atmospheric temperature. The same considerations will apply, to 
some extent, to the shallow bays connected with the lake. Still, I 
conceive, there must be another cause invoked for the full explana- 
tion of the phenomenon under consideration. 

I do not hesitate to suggest that this cause may be the internal 
heat of the earth. Consider the depth to which the basins of the 
great lakes are excavated. Lake Michigan has a mean depth of 
nine hundred feet. At this depth in the solid crust of the earth, 
we should expect to find the temperature some eighteen degrees 
above the mean temperature at the surface. That is, if the mean 
land temperature, in the middle latitude of the lake is 44°, the 
temperature of the lake bottom should be 62°. This heat received 
from the bottom, however, would be distributed through the whole 
mass of lake water, so that the average temperature of the mass 
might not be increased more than nine degrees.* The excess of 
radiation from the warmer waters of the lake might reduce the 

* It ia probable that the temperature at or near the bottom ia considerably 
lower than that near the Burface. 
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warming effect of the lake bottom to four or five degrees, in the 
whole mass of water. It may not be amiss to mention, also, that 
the lake waters at the depth of nine hundred feet, in consequence 
of the mingling of the temperatures of the different strata, would 
be cooler than the land at the same depth. But as the bottom im- 
mediately underlying the water must possess nearly the tempera- 
ture of the water, it is evident that the wanning effect upon the 
water is less than eighteen degrees as first calculated. Still we 
must argue that the rate of increase of temperature at greater 
depths beneath the lake would be more rapid than at the same 
depths upon the land, so that the actual resultant warming influ- 
ence exerted upon the lake waters at the bottom would be some- 
where between the two results already indicated. It would be a 
positive wanning effect, and its reaction upon the temperature of 
the land would be very nearly such as indicated by our isothermal 
lines for the year. 

In studying the influence of the great lakes upon the climate of 
the contiguous regions, we should especially note its presence 
under circumstances of exceptional cold or heat upon the land. 
For the purpose of illustrating these relations, I have constructed 
two isothermal charts for minimum temperatures. One of these is 
a chart for mean minima, and the other a chart for extreme minima . 
By the “ mean minimum” of a locality, I understand the average 
of the yearly minima for a series of years ; and by the “ extreme 
minimum,” the lowest point attained during that series of years. 
These charts present results which are truly striking. The iso- 
therms in the vicinity of Lakes Huron and Michigan trend literally 
north and south. In the chart of mean minima the isotherm of 
—15° strikes from Mackinac through Manitowoc, Milwaukie, and 
New Buffalo, to Fort Riley, in Kansas, near the parallel of 39°. 
Here is a deflection over nearly seven degrees of latitude, or about 
four hundred and eighty miles in a straight lin$. The meaning of 
this is, that the most excessive cold at Mackinac, for a period of 
twenty-eight years, is not, on the average, greater than at Fort 
Riley, four hundred and eighty miles further south. It is one 
degree less than at Chicago for a term of eleven years. By a 
glance at the chart of extreme minima, we perceive that the lowest 
point reached at Mackinac is but two degrees lower than the ex- 
treme minimum of St. Louis. Extreme weather of Chicago is 
twelve degrees colder than at New Buffalo. The lowest extreme 
of Milwaukie is fourteen degrees below the extreme minimum of 
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Grand Haven, while the extreme of Fort Howard is twenty de- 
grees below that of Northport. In general, while the mean mini- 
mum along the west side of Lake Michigan is — 16, that along the 
east side is — 6 ; while the extreme minimum on the west ode is 
—22° to - — 30°, that of the east side is — 10° to — 16°. 

I cannot forbear directing attention to the important bearing of 
these additional facts upon the results of soil cultivation. It will 
be remembered that it is not the severity of the winter mean, bnt 
that of the winter extremes , which conditions the- immunity of 
exotic plants from destructive frost. One killing freeze is as fatal 
as thirty. That one killing freeze is as likely to occur at Fort 
Riley, or Leavenworth, or Peoria, or even St. Louis, as at Macki- 
nac. The whole east shore of Lake Michigan is 15° to 20° more 
secure than any of the places just named. As grapes and peach- 
trees require for their destruction a temperature of — 20°, it is 
apparent that peach orchards and vineyards are perfectly secure 
along the whole extent of the eastern shore of Lake Michigan. 

The rationale of these remarkable climatic effects is not difficult 
to discover. It lies in the comparatively low capacity of watery 
surfaces for absorbing and radiating heat. The mean temperature 
of the land in the middle latitude of Lake Michigan is about 44}°, 
and that of the lake a few degrees higher. In July the tempera- 
ture of the land rises to 74°, while that of the lake is not above 
51° or 52°. This difference is partly due to the fact that upon the 
land the heat from the solar rays is accumulated near the surface, 
while upon the water it is disseminated through the whole mass 
by the action of waves and currents. In January the mean tem- 
perature of the land sinks to 19°, while that of the water does not, 
probably, fall below 40°. The atmosphere in contact with the 
water must partake to some extent of the temperature of the 
water, and, when moving from the water to the land, must transfer 
to the land some portion of the heat or cold proper to the lake. 
The effect is a tendency to equalize the land temperatures. This 
tendency is most distinctly felt in case of extreme weather. On 
occasion of our coldest weather, the wind blows generally from 
the south-west, and, passing diagonally over Lake Michigan for a 
distance of one hundred to two hundred miles, must necessarily 
experience a great degree of amelioration. 

The influence of the sea in equalizing temperatures has long 
been understood. The immunity from unseasonable frosts secured 
by bodies of fresh water to localities in their immediate vicinity 
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has also been universally observed ; but the fact that inland lakes, 
of the size of Lake Michigan, exert an ameliorating agency, quite 
comparable with that of the Atlantic Ocean, is something which 
has only been brought to light by recent thorough discussions of a 
wide range of meteorological data . On general principles, it has, 
indeed, been asserted by Professor Henry, and by Blodgett, and at 
an earlier period by Humboldt, that the great lakes of North 
America must exert some influence in deflecting the isothermal 
lines ; but jvhen we come to examine any of the charts which have 
been published to represent existing knowledge or conceptions, we 
fail to detect any marked inflection of these lines in passing the 
region of the great lakes. In fact, the thermometric observations 
from the fifty-five meteorological stations in Michigan have not 
heretofore been employed in tracing out the remarkable tortuosi- 
ties of the isothermals of the lower peninsula of Michigan. I be- 
lieve these disclosures are destined to take their place among the 
most remarkable phenomena of climatological science. 

Notes. — The views set forth in the foregoing paper were first foreshadowed 
in a report on the “ Grand Traverse Region/' published in 1866. They were 
again published with a few additions in the Proceedings of this Association for 
1866. In 1867, 1 received from Dr. I. A. Lapham a chart of Wisconsin, bearing 
date 1865, in which the isothermals for January and July are shown to be exten- 
sively deflected in Wisconsin by the influence of Lake Michigan. 

I desire to express my thanks to J. F. Grant, Esq., for a full transcript of his 
meteorological observations at Traverse City, and to General W. F. Reynolds, 
Superintendent, and C. F. Henry, Assistant, for permission to copy the un- 
published results of the observations of the Lake Survey. 
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VI. CHEMISTRY AND MINERALOGY. 

1. A Graphical Discussion op the Various Formula pbo- 

POSED FOR THE RELATION BETWEEN THE QUANTITY OF 

Light produced by the Combustion op Illuminating 
Gas and the Volume of Gas consumed. By Freder- 
ick E. Stempson, of Boston, Mass. 

[Abstract.] 

I found upon examination that three formula had been pro- 
posed for this reduction, namely : — 

(1) . The common one, p = which is expressed by saying 

that the light (Z) is proportional to the quantity of gas (g) con- 
sumed. 

(2) . That proposed and used by Bunsen and Roscoe, p. 884, 

Vol. 149, Phil. Trans., 1859,^-^ = which is expressed by 

saying that for a given flame the increase of light is proportional 
to the increase of the quantity of gas consumed. 

(3) . And, finally, Farmer’s formula, proposed by Professor Silli- 

man at the Salem meeting of this Association, j- = which is 

expressed by saying that the light is proportional to the square 
of the consumption. 

These three formulae transformed so as to express the value of l 
become : — 

(lb.)l= * g, or l =Ag. 

(2b.) I = 

(Zb.)l=L or l =Ag*. 

I have collected from various publications upward of one 
hundred and twenty independent series of determinations of the 
relative illuminating power of gas consumed at various rates from 
different burners. These burners comprised single jet, union jet or 
fishtail, slit or batswing, and Argand ; and each set contained from 
two to ten single determinations. These series, together with 
some of my own determinations, were represented in the form of 
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curves, and by means of the magnesium lantern, projected on the 
screen for inspection. 

From the results of observations thus far made, I conclude 
that Bunsen & Roscoe’s formula (a straight line cutting the axis g) 
would represent the greatest number of series, and particularly 
the series belonging to the Argand burners. 

That for those series belonging to the jet, the fishtail, and bats- 
wing burners, the common formula (a straight line passing through 
the origin, which is a modification of Bunsen’s, in which B — 0) 
very closely represents the relation found by experiment. 

Whereas the number of cases in which the series, or any con- 
siderable part of the series, could be represented by a parabola 
(formula No. 3) were very few. 

I found, however, that when a gas flame was on the verge of 
its smoky condition, a tangent to the curve would almost always 
pass through the origin, showing that, for a limited range of con- 
sumption at that point, the light is proportional to the consump- 
tion. 

One other point was also very apparent : that such is the influ- 
ence of the burner upon the flame, in order to get the best result 
for any given consumption, the burner must be adapted to that par- 
ticular consumption. 


2. On the Examination of the Bessemer Flame with Col- 
ored Glasses, and with the Spectroscope. By Justus 
M. Sulim an, of Easton, Pa. 

I. Examination with Colored Glasses. 

In the Bessemer process, the progress of the decarbonization is 
determined chiefly by the appearance of the smoke, flame, and 
sparks which are emitted from the apparatus. Owing to the 
rapidity with which the reactions take place, it is highly important 
to catch the exact moment when the blast should be turned off. 
This is indicated by the color and brightness of the stream of gas 
issuing from the converter, and by this the moment of total decar- 
bonization can generally be accurately determined by the naked 
eye. When, however, pig-iron of certain qualities is used (man- 
ganiferous iron, for example) this determination is very difficult ; 
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even those who have had much experience make frequent mistakes, 
and find it impossible to produce the same quality of steel at 
every blow. 

In order to intensify these flame-indications, use has been made 
of the spectroscope, and also of various combinations of colored 
glasses. The former was first attempted by Dr. Roscoe, and the 
latter by Mr. Rowan at the Atlas Works. 

Mr. Rowan experimented with a great variety of colored glasses, 
and obtained the best results by using three glasses, two of ultra- 
marine blue, and one of dark yellow. This little instrument, or 
chromopyrometer, as he terms it, is now in daily use at the Atlas 
Works, its indications being so marked and unmistakable as to ren- 
der its use safe in the most inexperienced hands. 

The following experiments were made at the Bessemer Steel 
Works of John A. Griswold & Co., in Troy, while pursuing the 
chemical course in the Winslow Laboratory of the Rensselaer Pol- 
ytechnic Institute. In my observations on the flame I made use 
of the spectroscope, and also of a combination of colored glasses. 
This combination consisted of two light-yellow glasses and a blue 
one, through which the sunlight appeared of a deep purplish-blue 
tint ; and as it differed slightly from Rowan’s, it gave somewhat 
different results. 

In order to reproduce the appearance of the flame at the differ- 
ent stages of the process, I prepared a plate consisting of about a 
hundred varieties of colors and tints, all of which were numbered, 
and thus referred to a table which indicated their composition. 
They were also arranged to be seen with either a light or dark 
background. The use of this plate was of necessity limited to 
daylight, but the illustration and description are given as occur- 
ring at night in order to show its illuminating power. 

At the beginning of the process that which issues from the con- 
verter does not appear to be a true flame, but only an illumined 
stream of gas carrying with it innumerable red-hot pellets of iron. 
This gas has scarcely any illuminating power, extends but a short 
distance from the mouth of the converter, and is sometimes sheathed 
with a whitish smoke. Seen through the glasses the flame and 
sparks have a deep crimson color, the converter is invisible, and at 
the base of the flame is a crimson band, which continues through- 
& the process. 

^As the reaction continues, this stream of gas growB brighter and 
elongated, and after a few minutes a small pointed whitish 
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flame appears, which suddenly increases in size. At this instant 
the blast-pressure falls from twenty to eighteen poyinds. 

When viewed through the glasses the upper part of the conver- 
ter comes dimly into view, and the flame and pellets of iron 
appear of a lighter color, while the fragments of slag which begin 
to be thrown out are of a deep red. This difference in shade 
between the iron and slag thrown out is probably entirely owing 
to the lower temperature of the latter, for the reason that while 
the iron is discharged from the metallic bath the slag is washed up 
on the sides of the converter, and can be seen clinging aroimd its 
mouth in a spongy mass until detached and thrown out by the 
blast. The greater porosity of the slag and its consequent more 
rapid cooling would also cause a difference of temperature. 

In the second period the discharge of slag increases, and the 
flame is very bright and illuminating, with occasional dark streaks. 
Through the glasses at the beginning of this period the flame is of 
an ashy blue color with streaks and flashes of crimson ; the edges 
being sometimes of a purplish hue. At this point surrounding 
objects are illuminated, and the converter becomes distinctly visi- 
ble. A wreath of crimson is seen surrounding the flame where it 
strikes the chimney. By the middle of this period the crimson 
almost entirely disappears from the body of the flame, leaving only 
a slight cone at its base, and a border of greenish hue makes its 
appearance, and gradually grows more decided. Streaks of a 
dark-blue color are also seen in the body of the flame. 

The beginning of the third period is scarcely indicated to the 
naked eye, though the flame becomes somewhat weakened, and 
affer a few minutes shows dark streaks running through it. 
Through the glasses at the commencement of this period the rose- 
colored cone begins to expand and deepen, the greenish sheath is 
more decided, while streaks of dark and green are visible. After 
a few minutes the change becomes very rapid, a few seconds only 
being required to reduce the flame from rose-color to the deep 
crimson non-illuminating gas, as at first, and again the converter is 
lost to view, by which time the blast should have been turned off! 

The gradual fading of the crimson from the beginning of the 
blow, and its deepening at the termination of the process, as well 
S8 the crimson band at the base of the flame, and the wreath of 
crimson surrounding the flame at the chimney, tend to confirm Mr. 
Rowan’s views, which are, that the different shades of crimson are 
due to changes of temperature. The stream of gas which comes 
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from the mouth of the converter at the beginning of the process, 
being illuminated from within, derives its color from the metallic 
bath, the temperature of which, owing to the combustion of sili- 
con, increases more rapidly during this period than at any other. 

The crimson band at the base of the flame, and the wreath of 
crimson at the chimney, might also be accounted for by this 
theory. The flame rushing from the mouth of the converter has a 
tendency to create a vacuum at its base around the converter’s 
edge, and thus to cause a wreath of flame to pass over this surface 
and by consequent cooling produce the crimson band. The wreath 
of crimson at the chimney may be also due to the cooling of the 
flame consequent upon deflection. 

It is true we have a seeming contradiction to this theory in the 
rose-colored cone extending from the base at the centre, which we 
would naturally consider the hottest part of the flame ; but, as in 
the flame of the Bunsen burner the hottest part is in its outer 
sheath, the conditions of combustion in both being similar, it is 
probable that that part of the flame occupied by the cone is at a 
lower temperature than that surrounding it. 

The green streaks in the flame are most intense when the man- 
ganese spectrum is brightest ; and, as the color of the flame when 
the spiegeleisen is added is also green, we are led to suppose them 
due to the presence of manganese. 

On two occasions simultaneous observations were made with the 
spectroscope and the colored glasses ; but, with the exception of 
that just mentioned, and the changes at the commencement and 
termination of the blow, no striking coincidence was noticed. 

II. Examination with the Spectroscope . 

The science of spectrum analysis is yet in its infancy, and there 
has been no scientific investigation, perhaps, which has been more 
contradictory in its results than that of the Bessemer flame. The 
first application of the spectroscope to the analysis of the Besse- 
mer flame was made in 1862 by Dr. Roscoe at the works of Messrs. 
John Brown & Co., in Sheffield. Soon after this, it was in constant 
use in Brown’s works for controlling the process. It was next 
introduced at Crewe, and from there said to have been taken to 
Seraing, in Belgium, in 1865. 

Roscoe’s account of the general appearance of the spectrum has 
not altogether been verified by subsequent observers. His fail- 
ure to see any line beyond 80° indicates an imperfection in his 
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instrument. He, also, is the only one who claims to have seen the 
sodium line as an absorption band, or who professes to have de- 
tected the lines of nitrogen and hydrogen in the Bessemer spec- 
trum. His spectroscope was so arranged that the spectrum of the 
Bessemer flame was seen in the upper half of the field of view, 
while the spectrum with which it was to be compared was seen 
immediately below. The spectrum of the flame was thus com- 
pared with the following spectra : — 

1. Spectrum of electric discharge in carbonic oxide vacuum. 

2. ** “ strong spark between silver poles in air. 

3 «« «« •« «< <« 5^ «« «< «« 

4. “ ** “ “ “ “ “ “ hydrogen. 

5. Solar spectrum. 

6. Carbon spectrum — oxyhydrogen blowpipe supplied with olefiant gas 

and oxygen. 

The coincidences observed were very few, and totally failed to 
explain the value of the Bessemer spectrum. The lines of the 
well-known carbon spectrum did not occur at all, either as bright 
lines or absorption bands, nor was any coincidence observed be- 
tween the lines of the Bessemer spectrum and those of the car- 
bonic oxide vacuum tube. The lines of lithium, sodium, and 
potassium, were strongly marked and identified with certainty. 
He found that three fine, bright lines between JEJ and shown on 
the plate at 66 £°, 67°, 67 J°, coincided with those of iron; and in 
place of the Ted hydrogen line C, he discovered a black band 
which he considered an absorption-band, and states that it is bet- 
ter defined in wet than in dry weather. 

In Austria, Prof. Lielegg followed up this subject ypth great 
perseverance, and gave more extended accounts of the varying 
character of the Bessemer spectrum during the different stages of 
the process. His experiments were made at Gratz, where the 
spectroscope was afterwards used with great success in controlling 
the Bessemer process ; but at Konigshiitte, where dark gray man- 
ganiferous iron was used, it was found that the indications which 
in other works so plainly determined the moment of decarboniza- 
tion were unreliable. In this case, the lines whose disappearance 
is to indicate the exact point of time for ending the process dis- 
appear too soon. During the period in which the spectrum is 
brightest, among the glowing vapors and gases that stream from 
the converter carbonic oxide next to nitrogen is most abundant ; 
and it is for this reason that the first investigator, Roscoe, expressed 
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himself as confident that the numerous lines of the spectrum were 
caused by this gas, although he could obtain no coincidence. 

Brunner * states that “ no part of the Bessemer spectrum is ever 
visible in the flame when the converter is heated for the first time 
after being relined, but that when the lining is not new Lielegg’s 
group of green lines (CO/) appears in the spectrum, which then 
contains also the lines of potassium, sodium, and lithium.” From 
which he concludes that this spectrum is not to be identified with 
carbonic oxide, but must be produced by other constituents of pig- 
iron. Others state that the Bessemer spectrum is sometimes 
visible while the converter is being heated after a blow. I made 
an observation of the flame from the converter while it was being 
heated the first time after being relined, and obtained wit h great 
distinctness the potassium, lithium, and sodium lines, but have not, 
under any circumstances, detected any other lines while the con- 
verter was being reheate^. 

Lichtenfels, by a series of simultaneous comparisons of the man- 
ganese with the Bessemer spectrum, found the lines in the blue and 
green fields to completely harmonize in the two spectra. The vio- 
let manganese line, which had been seen by some, he could not 
detect in either of the spectra. I have never observed it, but Dr. 
Wedding, who has summed up the observations of others, states 
that he has repeatedly seen it. Its position is at 135£°. 

The instrument used in my investigations was constructed by 
Alvan Clark, of Cambridge, and consists of an equiangular flint- 
glass prism, in a metallic box, into the sides of which at the 
requisite angles are screwed an inverting telescope with a magni- 
fying power of six, and a tube containing the adjustable slit and 
lens for rendering the rays parallel ; also a tube with a scale, which 
is placed at such an angle that it is reflected from the surface of 
the prism through the telescope to the eye ; it can be so adjusted 
as to appear along the upper edge of the spectrum. I was provided 
with Bunsen’s plates of spectra on a large scale, and, in order to 
adapt them to the scale in my instrument, I took the spectrum of 
the sun and obtained Fraunhofer’s lines with great distinctness. 
Two characteristic lines in the solar spectrum were then noted, one 
of which appeared at 37°, and the other at 117°, and a space mea- 
sured equal to their distance apart as given on Bunsen’s scale. 
Thiswas divided into eighty equal parts, and the division extended 
in both directions. By the application of this scale to Bunsen’s, I 
* Van Nostrand's Eclectic Eng. Mag., vol. i., p. 608. 
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found that the remainder of Fraunhofer’s lines in my instrument 
exactly coincided with their position on his plates. The correct- 
ness of the new scale was also proved by other coincidences. By 
moving the prism, Fraunhofer’s lines will vary slightly in their 
relative distances apart, hut in no possible position in which I 
might place the prism could I obtain the sun-spectrum as given by 
Wedding in connection with the Bessemer spectrum ; if the spec- 
trum given by him was obtained by the use of bisulphide of carbon 
in his prism, that substance causes a greater variation than I had 
supposed. 

I have recorded the results of twenty-five observations on the 
Bessemer flame, most of which were taken at a distance of about 
thirty feet from the flame, though I have stationed myself at inter- 
mediate points between that and the flame ; at one time sitting so 
close as to be almost scorched. Nearly all my observations were 
made at night, and the lines obtained .were much better defined 
than when seen in diffused sunlight. 

The record of my observations was kept as follows: — Five 
columns were ruled, headed — 

| Degree. | Color. | Brightness. | Time. | Remarks, j 

Note was made of the dark bands as well as the bright ones, 
both of which were classed according to their distinctness, as very 
bright, bright, faint, and very faint. In the time-column was noted 
the number of minutes after the commencement of the blow at 
which the lines appear. 

At the first two or three observations I attempted to make a 
thorough note of the changes as they occurred throughout the 
whole spectrum, but afterward abandoned it as utterly impossible, 
as at the beginning of the second period the lines come in so fast, 
and the changes are so rapid, that they cannot be accurately noted 
at the exact moment of their occurrence. I therefore confined 
myself to a few degrees at each observation, and by this method 
was enabled to note accurately, and at the exact moment of their 
occurrence, slight changes which might otherwise have escaped 
notice. Note was also taken of the changes in the general appear- 
ance of the whole spectrum during the successive stages of the 
process. After having made half a dozen observations, while 
viewing the spectrum of the flame from the converter when it was 
being heated for another charge, it was discovered that a move- 
ment of the eye before the eye-glass occasioned a similar move- 
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ment of the lines of the spectrum along the scale, on which their 
position could thus be made to differ more than half a degree. I 
have seen no notice of this in the statements of others, and it may 
account for some of the apparent discrepancies. Thereafter, when 
taking the readings of any of the lines, the position of the eye was 
so adjusted as to bring the sodium line exactly at 50°. Owing to 
the extreme brilliancy of the flame the aperture may be made ex- 
ceedingly narrow, and thus the many lines of the spectrum, which 
with a duller light and broader gauge would be blended together, 
may be separated. 

At the beginning of the blow, the spectrum is continuous and 
very faint, and generally extends from 35° to 120°, covering about 
three-fourths of the length attained in the second period. This 
increases slightly in extent and brightness until the appearance of 
the sodium line. This line appears at the end of the first period 
at the beginning of a more decided flame. It comes flashing 
through from one extremity to the other for an instant, and then 
disappears only to return the next instant in brighter flashes, which 
are continued for about a minute, by which time the line becomes 
permanently established. On one occasion the sodium line, instead 
of flashing and disappearing as usual, continued visible after a few 
seconds, and expanded and contracted in width almost isochro- 
nously until it became permanently established. The appearance 
of this line indicates the termination of the first period. This 
period I have found to vary in extent from three to seventeen 
minutes in blows lasting from thirteen to twenty-seven minutes. 
None of the other lines make their appearance in vivid flashes as 
does the sodium. The lithium line becomes visible three or four 
minutes after the first flash of the sodium. It is very faint at first, 
but soon becomes quite distinct, and lasts through the blow. The 
vivid flashing of the sodium line may be accounted for by the ex- 
ceedingly small amount of sodium required to produce its spectrum 
— an amount not exceeding Tuuuiuuuu a grain. The slightest 
momentary combustion taking place in the stream of gas from the 
converter would at that instant render glowing a sufficient amount 
of the vaporized sodium to produce its spectrum, and thus occasion 
the flashes so characteristic in the first appearance of that line. 
Lithium exists in a much smaller quantity and requires 
a grain, or thirty times that given for sodium. By the time the 
lithium line is established the red potassium line at 23^°, and occa- 
sionally the violet line at 135°, appear, and the blue and green 
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fields become divided into bands, which are so rapidly resolved 
into bright and dark lines that it is difficult to note the exact 
time of the appearance of each. The spectrum increases to a daz- 
zling brightness, and extends itself in both directions until it 
reaches from 23*° to 140°. 

During the third period the spectrum becomes more brilliant, 
and the lines more distinct. Several new lines make their appear- 
ance in different parts of the spectrum, of which the ones at 51 *°, 
57°, and 67°, are well defined, while others are faint, and not always 
visible ; some of them appearing only toward the close of the last 
period. In viewing the lines in the most refracted part of the 
spectrum, it has been repeatedly observed, both by myself and 
others, that these lines were more strongly marked when entering 
the eye at an angle than when viewed directly. That this was not 
imagination is proved by repeated identification of lines at the 
same point on the scale. 

At the termination of the blow, the lines are rapidly swept 
away, sometimes in the inverse order of their appearance, but 
more generally they disappear within the space of two or three 
seconds, leaving a continuous spectrum as at first, though some- 
what brighter. Sometimes the sodium and lithium lines are swept 
away with the others, and at other times they remain visible. In 
either case the change is very decided, and does not generally 
occupy more than three seconds. In the course of my observa- 
tions, thirty-three lines have been detected, as given in the table 
below. 

Some of the lines given by Lielegg I have failed to find, but 
have detected others not given by him. 

1st Period, 23*, 35, 50, 135. 

2d Period, 23*, 35, 43, 44, 44J, 45*, 46, 47*, 48*, 50, 52, 53, 56, 56*, 
61*, 62, 62*, 63, 65, 66*, 67*, 70, 72, 120, 135. 

3d Period, 23*, 35, 43, 44, 44*, 45*, 46, 47*, 48*, 50, 51*, 52, 53, 56, 
56*, 57, 61*, 62, 62*, 63, 65, 66 J, 67, 67*, 70, 72, 100, 
102, 103, 105, 108, 135. 

Among the dark bands detected, the most intense occurred at 
4 4 - 4 6, 51-55, 56-58, 62-64* ; others were found at 33-34*, 86*, 
37*, 38*, 40, 68-72. 

Many of the dark bands were crossed by bright lines. 

I have repeatedly observed the dark band considered by Roscoe 
to be a hydrogen absorption line, but have not noticed that its 
intensity varied with the dampness of the weather. Whether it is 
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an absorption band or not can be determined by a series of observa- 
tions continued through wet and dry weather. If this proves to 
be a hydrogen line, the Bessemer spectrum will be found more 
complicated than is generally supposed. It has been thought by 
some that the dark bands in the spectrum are absorption lines due 
to the cooling of the outer sheath of flame, but it is more probable 
that, although the pellets of iron and slag tend to produce a faint 
continuous spectrum, in contrast with the very brilliant lines 
it appears discontinuous, the dark bands being merely intervals 
between the bright ones. The iron spectrum has not been satisfac- 
torily identified. It has been suggested that the brightness and 
size of the lines of the Bessemer spectrum do not allow the iron 
lines to appear. In comparing the Bessemer spectrum with Bun- 
sen’s spectra of nickel, cobalt, and calcium, no coincidences were 
observed except two or three in the latter spectrum. The brightest 
calcium line, however, was not visible in the Bessemer spectrum. 
The Bessemer spectrum contains yet many mysteries to be solved, 
among which is the cause of the non-appearance of the lines of the 
spectrum at the beginning and termination of the blow. 

This was readily solved when the numerous lines of the spec- 
trum were attributed to carbon, but in proving them to be caused 
principally by manganese their disappearance is not so readily 
accounted for. 

One theory to account for it is, that the luminous power of the 
flame is too small at the beginning and end of the process to pro- 
duce a spectrum. In regard to this it may readily be shown that 
the brilliancy of the spectra of incandescent metallic vapors does 
not depend upon the illuminating power of a flame, but upon the 
heat of the flame into which they are introduced. For instance, 
the spectra are more distinct in the non-luminous flame of a Bun- 
sen lamp than in the ordinary luminous gas-flame. If we take the 
theory as referring to the feebleness of light given off by those sub- 
stances in the flame, which produce the spectrum, it will resolve 
itself into the one of change of temperature, notwithstanding the 
fact that the illuminating power of flames of the same temperature 
varies with the composition of the gas, because there is evidently 
enough sodium in the flame to give its characteristic line : hence, 
whatever might be the illuminating power of the flame, if the heat 
is sufficiently intense the sodium line will show itself 

Dr. Wedding adopts the theory that the absence of the spectrum 
at the beginning and termination of the blow is because the abso- 
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lute quantity of the bodies volatilized producing the spectrum is at 
these times too small. His reasons for holding this view are as 
follows : u A trace of sodium will give its characteristic line, but, 
according to Simmler, a much larger quantity of manganese is 
needed to obtain a recognizable reaction than that which can be 
detected by the well-known blow-pipe reaction with carbonate of 
soda. Consequently, spectrum analysis does not depend alone 
upon the presence of a body, but also upon the presence of a cer- 
tain quantity. And although manganese is always left in the iron, it 
may not be left in sufficient quantity at the termination of the blow 
to produce the spectrum, and for this reason the lines disappear.” 

To this theory there are some strong objections. 1st. If we 
take manganese in sufficient quantity, and hold it in a flame, the 
spectrum will increase in brightness until a uniform temperature is 
attained ; but when the amount of manganese vaporized begins to 
diminish, its spectrum will gradually decrease in brightness until 
it disappears. Now, if the disappearance of the manganese lines 
in the Bessemer spectrum is owing to the diminution of the quan- 
tity of manganese, we should infer that these lines would gradually 
grow more indistinct, and then fade away ; but, on the contrary, 
the manganese spectrum increases in brilliancy from its first ap- 
pearance, and is more intense just before being swept away than at 
any other time. The analysis of the smoke, which appears when 
the flame ceases, proves that a considerable quantity is still volati- 
lized, and it is notable that in manganiferous iron this quantity 
increases towards the close of the blow. 2d. It would be more 
difficult to account by this theory for the non-appearance of the 
sodium line at the beginning of the blow, as sodium then in all 
probability exists in the issuing gas in sufficient quantity to pro- 
duce its spectrum at a high temperature, as it is only by special 
precaution that we can keep it out from any flame. 3d. A still 
greater difficulty would arise in applying this theory to the spectra 
of sodium and lithium at the dose of the blow. As has before 
been stated these lines sometimes disappear at the moment of com- 
plete decarbonization, and sometimes remain. In the former case, 
to say that our friend sodium had given out would be doing great 
injustice to that element, as it has never given us reason for bring- 
ing so grave a charge against it. Dr. Wedding, in attempting to 
demonstrate that the non-appearance of the manganese lines is 
owing to the lack of sufficient quantity volatilized to produce its 
spectrum, makes the following statement : — 
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From analyses made by Brunner we find that the manganese 
contained in the iron falls from 3.460 per cent in the raw material 
to 1.645, 0.429, and finally to 0.113 per cent in the decarbonized 
product; and that the protoxide of manganese in the slag first 
increases from 37.00 per cent to 37.90 per bent, and then sinks to 
32.23 per cent, and, furthermore, that a certain quantity of manga- 
nese is to be found in the smoke. How much manganese is really 
lost by volatilization cannot be determined, since data are wanting 
as to the absolute quantity of slag and iron ; consequently we can- 
not determine how much manganese has been lost by means of the 
eruptions. 

But since the manganese contained in the pig-iron decreases con- 
stantly, and that contained in the slag after the termination of the 
boiling period also decreases, a considerable volatilization of this 
body is probable just at the time when the spectrum is best devel- 
oped. Comparing with this the experiments that can be made in 
the laboratory we arrive at the hypothesis, that the oxidized man- 
ganese which has entered into the slag is not volatilized, but is 
retained by the slag ; it can, therefore, get into the flame only in 
the shape of solid or fluid combinations. 

In the above statements the results of the analysis prove that 
some of the manganese in the slag is volatilized. We cannot con- 
sider the manganese spectrum during the entire process as due 
wholly to the volatilization of the manganese directly from the 
iron, for while the amount eliminated from the iron grows continu- 
ally less, the manganese spectrum grows brighter. Owing to the 
intimate mixture by the blast of the iron and slag, the manganese 
oxide contained in the latter is brought in contact with the melted 
iron and vaporized. The mixing of the slag and iron would cease 
at the termination of the process, and this would account for the 
sudden diminution of smoke. 

If there were a sufficient carbonic oxide flame to render the 
escaping gases glowing, it is evident they would not issue from the 
converter as dark smoke, but as incandescent vapor, having its 
characteristic spectrum. The lack of sufficient flame may, therefore, 
account for the disappearance of the manganese spectrum. The 
Bessemer flame presents other problems, and opens an intensely 
interesting field for scientific investigation ; and, by the use of more 
delicate instruments than have yet been employed for this purpose, 
discoveries may be made which will throw new light upon the sub- 
ject of spectrum analysis. 
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3. On American Iron Sands. By T. S. Hunt, of Montreal^ 
Canada. 

(Abstract) 

The presence of black iron sands upon many sea beaches has 
long been noticed both in Europe and America. Their origin is 
to be found in the crystalline rocks, from the disintegration of 
which these sands have been derived. The action of the waves, 
by virtue of the greater specific gravity of these sands, effects a 
process of concentration, so that considerable layers of nearly pure 
black sand are often found on shores exposed to wind and tide. 
These black sands vary in composition according to the localities, 
but, as found on the coast of New England and the Gulf of St. 
Lawrence, consist of magnetic oxide of iron, with a large admix- 
ture of titaniferous iron ore, and more or less garnet, the purest 
specimens holding from thirty to fifty per cent of magnetic grains. 
Such sands have long been employed as sources of iron jn India, 
where they are directly converted in small furnaces into malleable 
iron. Early in the last century the considerable quantities of these 
sands found on our Atlantic coast attracted the attention of the 
colonists and of scientific men in England, and the Virginia sand- 
iron, as it was called, was the subject of many experiments. The 
first successful attempts at working it were, however, made in Kil- 
lingworth, Conn., where the Rev. Jabez Elliot, grandson of the 
celebrated John Elliot, the apostle of the Indians, early turned his 
attention to the abundant black sands of the coast, and succeeded 
in treating them in a forge fire similar to the German forge or 
modern American bloomary fire. It appears from his account, laid 
before the Royal Society of London in 1761, that he was then 
making iron blooms of fifty pounds weight from this ore, and that 
his son had already established a steel factory in Killingworth, 
when an act of the British Parliament forbade the manufacture of 
steel in the colonies. The London Society of Arts, in 1761, 
awarded a medal to Mr. Elliot for his discovery. The working, 
however, was abandoned, and for a century no attempts were made 
in America to use these sands. Some four years since the large 
quantities of them in the lower St. Lawrence attracted attention, 
and successful trials were made for their reduction in the bloomary 
fires of Northern New York ; after which an establishment for 
working them was erected at Moisie in the Gulf of St. Law- 
rence, where, under the direction of skilled workmen from Lake 
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Champlain, the treatment of these iron sands has been successfully 
^carried on. These sand ores are remarkably free from both sulphur 
and * phosphorus, and hence yield an iron of great purity and 
toughness. The working is effected in forges like those used on 
Lake Champlain, and presents no difficulties. 


4. The Parallel Stele or Indented Cross-lines on Rock 
Crystal. By Lewis Feuchtw anger, of New York, N. Y. 

It is not my intention to give here a monograph of quartz or 
rock-crystal ; the mineralogical works have mostly done so. But 
the peculiar phenomena, which I had often had occasion to 
observe, while examining specimens of quartz in my cabinet 
from the various localities, and particularly those from the 
hot springs in the Ozark Mountains, attracted my particular 
attention, and I have thought that a part brought with me 
for the inspection of the members of the Association may 
be interesting, and may lead to further investigations. I 
allude principally to the parallel strim, which are deep indented 
lines drawn across the prismatic faces, as if with a diamond or 
other harder mineral than quartz, showing, however, only on alter- 
nate sides ; t. €., one side having the lines, and the rest possessing a 
smooth surface. The form of all these crystals is the same as 
those from all other localities, mostly six-sided prisms with pyram- 
idal terminations, and in many other modifications, some widely 
differing from those from other localities. Such, for example, are 
the flattened crystals, in which the original and primitive obtuse 
rhombohedron is totally converted into a flat, obtuse pyramid ter- 
minated on both ends, and the crystals crossing each other and 
displaying the greatest diversity of forms, such as no other min- 
eral species does, but extremely beautiful in appearance. Among 
thi specimens herewith presented is a fine hexahedral loose crys- 
tal from Brazil, called the Brazilian pebble, mostly used in the arts 
for spectacles and lenses. It is perfectly limpid, showing on the 
surface some interruption during the process of crystallization. 
The large black six-sided prism from St. Gothard displays no disturb- 
ance; nor does the North Carolina group show any lines. The 
one from New Hampshire, inclosing needles of .rutile, displays 
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some lines wide apart ; that from Placerville, Cal., which is found 
as a large boulder among the auriferous sandstone, has no external 
lines, but appears to be different on the inside, although of a white 
color. The specimen from Dauphin^, in France, presents a very 
fine group of regular prismatic crystals, which abound there in 
drusy cavities in the mica-slate. The quartz in the form of pseudo- 
moiphous sandstone from Fontainebleau, near Paris, the many 
fine pseudo-morphic calcites from Saxony, the fiuor pseudo-morphs 
from Devonshire, and the fine rock-crystals from Cornwall, Eng- 
land, which are dug out in the slate quarries, all show smooth sur- 
faces, without those peculiar cross-lines displayed in the specimens 
from the Hot Springs, and those which are found in Collyer Creek, 
at the Walnut and North Forks, which are tributaries of the Oua- 
chita River, in Montgomery County, Ark., about thirty miles distant 
from the famous springs. It may, however, be seen that the 
opaque quartz crystals, which are studded with many octahedral 
crystals of arkansite, and are found mostly on the surface, in a 
place called Magnet Cove, do not show any marked lines, but 
other incongruities. 

Dr. Beck, in part third of the w Natural History of New York,” 
says that that State is particularly rich in quartz, including the 
transparent, highly crystallized varieties, the rock-crystal, and that 
the specimens present beautiful iridescence, both superficially and 
internally ; that they also enclose foreign substances, such as anthra- 
cite, bitumen, titanic oxide of iron, etc. ; moreover, that probably 
no part of the world affords more beautiful and more interesting 
crystalline forms than Herkimer County; that he had examined 
many hundred modifications of the quartz crystals in the several 
counties, and that, on account of the large number of localities, he 
could describe only the most important, which are celebrated for 
their mineralogical specimens. Certain it is that no mineral 
species affords such a vast variety of forms as does the quartz 
family, and may be classed, in this respect, next to the calcspar, 
which yielded to Breithaupt eight hundred modifications. 

The chemical constituents of quartz are very simple, but its 
physical properties are very complicated ; and by looking only at 
these isolated quartz crystals of the size of a pin’s head, terminated 
at both ends, and as perfect in form and color as the largest, I 
cannot help admiring the wonderful mysteries of a Supreme 
Power, which has laid loose in the ground of Middleville the 
young sprouts of crystals, to grow up to the different gigantic 
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sizes, such as we find in Ulster, Lewis, and Herkimer Counties, of 
the State of New York. In fact, although every county is noted 
for quartz crystals, the forms of many localities differ from each 
other ; for I can easily distinguish one from another by their pecu- 
liar terminations and modifications, especially those from Herkimer 
County, which appear to possess some post-natal crystals ; tor 
you will perceive in a majority of them cavities having the 
outline of a pentagonal dodecahedron, which, in some instances, 
are filled up again by smaller or larger regular prismatic crystals, 
and in some the cavities are left unfilled. It appears to me that 
this characteristic feature makes the Herkimer County quartz crys- 
tals the most interesting in the world ; and independently of that, 
let me remark, that although the Herkimer County crystals are in 
general very clear and beautiful, possessing much refractory power, 
almost equalling the diamond, still they contain many foreign sub- 
stances, such as anthracite, air bubbles, or drops of water, and 
appear to have undergone muoh disturbance during their crystalli- 
zation. 

In returning to the main object of this paper, it remains to me a 
matter of serious reflection how the sharp lines have been produced 
in those Arkansas crystals, and to which of the great agencies in 
nature we shall ascribe this wonderful phenomenon. Has the post- 
natal, second crystallization of liquid quartz produced these regular 
marks, and how often has it taken place before growing to its pres- 
ent form, and at what stage of crystallization have these beauti- 
ful, flat-faced crystals been metamorphosed from their regular 
prismatic forms, with pyramidal terminations ? 

The philosophers of the eighteenth oentury, such as Boyle, 
Geoffrey, ami Toumefort, entertained many crude theories of the 
origin and formation of stones, mostly, however, following up the 
original ideas of Pliny and Theophrastus, which all tended to 
prove that Neptuuism was the sole cause, and that stones grew like 
plants, and still continue to grow. 

Boyle maintains, with many plausible reasons, good enough for 
those early days, — >for Boerhave, in his edition of 1751, devotes 
much space in supporting Boyle’s theory, — that every thing in 
nature was originally in a fluid condition : that the stones prove it, 
by the following reasons : first, their transparency ; second, their 
geometrical forms, which bear analogy to many mineral salts, like 
alum, nitre, vitriol, etc., which, when left to crystallization, pro- 
duce stones; third, on account of their texture. He says that 


Digitized by ^ooQle 



CHEMISTRY AND MINERALOGY. 


135 


silver or salts coagulate into masses of a thin, flaky contexture, 
which he found in divers gems, even with the naked eye, and 
appearing to him full of parallel commissures, made by the con- 
tiguous wedges of little, thin plates of stone, lying one over 
another, like the leaves of a book a little open, and that the micro- 
scope discovers a parallel structure in the most compact of all, the 
diamond, whence proceeds what they call the grain of those 
stones, and the difficulty, nay, impossibility, of clearing them 
against this grain without breaking. Fourth, the color of stones 
being derived from some coloring matter which could not be so 
well imparted to them unless in a state of fluidity, — accordingly, 
many gems have been deprived of their color by continued heat- 
ing; fifth, the many heterogeneous substances being frequently 
found enclosed in solid gems. 

Geoffrey ascribes crystallization to two different juices, — the 
stony, or ciystalline, and the vegetable juices, — which may be sep- 
arated by an all-pervading fluid or earth, creating thereby the 
crystals and forms of stones and plants on their evaporization. 

Toumefort deduces stones ab ovo. Nature, according to him, 
observes one general law in the production of plants, stones, and 
metals, all of which he supposes to arise from their several seeds, 
and to grow analogously. He found, however, that some stones 
grow like plants. He also advances many curious theories to 
account for the existence of round pebbles. The similarity of 
pseudo-morphism with posl-natal growth might throw light on 
this question, if it were not for this difference, that the pseudo- 
morphs assume the forms of other minerals, intruding upon their 
natural forms when some local alterations in the structure of the 
original mineral substance take place, as may be seen in some of 
my specimens, the crystalline forms of calcareous spar, fluor-spar, 
and baryta, siderite, etc., filling spaces and cavities of quartz crys- 
tals ; poBt-natalism, on the other hand, refers to cavities left vacant 
by former crystals, and filled with the same substance either fully or 
partially, but invariably by the same substance, with perhaps some 
modification of the crystalline forms. While the quartz was still 
fluid, and undergoing either the paragenetic or post-natal states, 
many foreign minerals have made their appearance. Thus we 
daily see topaz, corundum, chrysoberyl, garnet, hornblende, and 
pyroxene, asbestos, zeolites, and calcites, rutile, hematite, goethite, 
magnetite, gold, silver, anthracite, etc., all penetrating the quartz 
rock when still in a fluid state. 
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It is evident, therefore, that quartz is more suitable to undergo 
such metamorphoses than an y other mineral substance, owing 
to its wonderful physical and chemical characteristics. It belongs 
to the great family of sand, or sandstone rock. Silica, or oxide of 
silicum, constitutes one-fourth of the earth’s crust ; one-half of 
granite and gneiss rocks, and two-thirds of the micarschist roofing- 
slate ; in many localities the rocks consist entirely of pure silica ; 
the bottom of the ocean and lakes and rivers is formed of gran- 
ules of quartz rock. Quartz is represented in all geologic ages 
and periods, from the azoic to the tertiary, and even to the present 
era, of which the geysers and hot-springs give ample proof The 
peculiar characteristics of quartz are its great hardness, insol- 
ubility, and resistance to chemical and atmospheric agents, its 
infusibility, but capability of being acted upon by heat in the 
presence of the least trace of an alkali, to be readily dissolved, 
and to enter into new combinations, or fill with quartz fissures and 
cavities among the rocks. Thus veins are formed which either 
harden or are changed into new substances, and present the 
strange phenomena which led me to the present inquiry. 

Whether the remarks or hints here thrown out, as a partial ex- 
planation of the wonderful forms of rock-crystal, have fully satisfied 
my audience is doubtful. These phenomena, as well as many 
others daily taking place around us, have never yet been satisfac- 
torily explained. 


vn. MOLECULAR PHYSICS. 

1. Elasticity as a Feature in Physics. By S. J. Wallace, 
of Keokuk, Iowa. 

Elasticity is a principal element in Potential Physics, and 
a part in nearly every practical problem. It modifies every action 
of force ; and every important result requires of it special condi- 
tions. 

It is a well-known fact. Many of its particular laws are distinct 
but its general principles are still obscure ; and the theory calls for a 
review of its ground, both as to what is fact, and what hypothetic. 
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Its Nature . 

The nature of elasticity, as it is known to us, is : — The condi- 
tion of matter or substantial agency, which enables it to receive 
and give off force as simple motion, or its virtual. 

The apparent forms of elasticity are not absolute, but depend on 
circumstances. It has three primary kinds of action : — 

1st. That of Pure Solids, which act as entire bodies, without 
internal change. 

2d. That of Fluent Springs, which move their parts on each 
other, and forcibly return. 

3d. That of Compress Springs, which move their parts to or 
from each other, with return action. 

These actions are all present, to various extents, in all apparent 
cases. * 


Usual Forms. 

The usual forms in which elasticity is shown, are : — 

lBt. Hard Bodies, or any bodies with sudden action, which 
act like pure solids; and even fluids, gases, etc., if extremely 
intense. 

2d. Hard Bodies of most kinds, with graduated action, which 
act with small internal change under force, and forcibly react. 

3d. Bodies of various consistencies, which move their parts on 
each other under force, and have more or less tension for forcible 
recovery. 

4th. Liquids, of various consistency, which contract or expand 
their bulk under pressure, with tension to react to size only. 

5th. Oases, which contract or expand bulk under varied pres- 
sures, with tension to forcibly expand freely to any shape. 

6th. Vacuity, as apparent void, which rapidly conveys some 
forces, without a change of their form, direction, or quantity. 

The laws, features, and facts of each of these form a branch of 
science. 

Usual Results . 

The principal results of elastic action, as known, are : — 

1st. The conveyance of force in virtual direct lines, with no 
change of kind or amount of force, as in the first and sixth stated 
forms. 

2d. The propagation of force into internal actions in the mass, 
with tendency to separate into direct, reverse, or diverted foroe, 
a. a. a. s. vol. xix. 18 
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of the same or some other form of force, as in the several inter- 
mediate stated forms. 

The first may be due to the hardness of the ultimate particles ; 
and the second to peculiarities of union among the particles, and 
to the continuous forces which bear on the mass, to maintain it 
relatively. 

Incidental Forms. 

The second stated result has several incidental ways of appear- 
ance : — 

1st. Bending ; flexure between portions of body, direct. 

2d. Torsion ; twisting between parts of body, rotary. 

3d. Extension ; drawing out of body, direct. 

4th. Extension ; drawing in of body, direct. 

5th. Expansion ; increase of body, evolved. 

6th. Compression ; decrease of body, involved. 

7th. Fluence ; change of form, and relation of parts, relative. 

8th. Wave Vibration; tremor of vibration running through 
mass, direct. 

9th. Swing Vibration; tremor of parts swinging back and 
forth. 

10th. Mass Motion ; passage or revolution of body in space as a 
whole. 

These are merely combinations of the principles of action ; and 
have their several laws of detail, potential formulas, and capacities 
for use. 


Virtual Theory. 

We may complete the actual theory with the virtual potency of 
the known facts, laws, and consistent hypotheses. 

It must depend upon the general laws and relations of physical 
being, and on the internal structures and actions of masses. To 
reach it we can look to the most simple relations of the particles 
of matter and actions of the forces. This, perhaps, is to be found 
in the apparent state of vacuum, or the interstellar space, in a 
most favorable condition of being and action for definite study of 
prime relations. 

In Vacuity. 

There are two forces, gravity and radiance, which pass the inter- 
stellar space with forcible fulness and variety. Their passage is 
by far the most rapid of known actions, and shows no change of 
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directions, and no loss, or change of kilid, of the forces, and other 
dear facts. 

These give important elements of the problem. They require 
of vacuity the highest possible condition of substance for con- 
veying force with rapidity and purity : the free motion of a body 
in space, the most pure transmission of force ; and there is no 
known limit to its possible speed through vacancy. But as the 
interstellar space contains continuous actions in an infinitude of 
directions, there must be interminable interferences. This becomes 
a feature of the problem, and requires a review of the essential 
and potential terms involved. 


j Force. 

The essential nature of physical force is supposed to be : — The 
movement or action of substance in space during a time, with 
definite portions and directions obstructive to each other, and com- 
municable from part to part of substance by contact, and equal 
exchange of opposing energies in action and reaction, with a 
series of forms of forces that severally have laws, and exist under 
ranges of circumstances, and capacity of change between forms in 
series. 

This requires the vacuous medium to consist of substance, and 
that it shall be in continual motion in all directions among its 
parts, limitedly. 

Substance . 

The essential nature of physical substance is supposed to be : — 
The simple obstructive occupancy of a space during a time, with 
definite portions having extent and place, and capacity to hold 
co-proportions of force by rates of action in space and time, quali- 
fied by the form and law of the force, with determinative law- 
forces, and separable parts acting in diverse unions and forms, and 
showing diverse kinds, qualities, and relations to each other. 

This requires existence of substance in a state of finely separa- 
ble particles, extremely small, with interspaces or capacity for rela- 
tive intermotion or action ; and different aggregations. 

Potential State . 

The particles of substance in vacuous space, as well as in gases, 
etc., are supposed to be u held in a state of elastic equilibrium,” 
by which uniform distribution is caused, and forces interpassed by 
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repulsive or other impulse. But how could such* a state be com- 
posed ? It must result from the nature and action of the particles 
themselves. And there are two types of ideas ; that either, — 

1st. The particles may be expansible and compressible, or have 
coverings of such a nature, and inter-extend in space according to 
pressure, or 

2d. They may be small, simple, hard, and free to move in space 
in any direction for conveyance and exchange of force, by contact 

They differ in whether particles are hard bodies in a vacancy, or 
are compressible with or without vacancy. This raises the ques- 
tion : What are the laws of transmission of force through sub- 
stance of various consistencies, and with various kinds of action? 
This remains a physical problem. 

Impressions. 

From what is known the facts are suspected to be like these:— 

1st. Hard solids transmit force faster than compressibles. 

2d. Compressibles are liable to either retain, or to divert into 
other directions or forms of force, a portion of force-actions. 

3d. Simple mass-motion in direct lines through unimpeding 
space is the most swift transmission, with some not yet known 
term of relation between size and consistence of bodies, the forms 
of forces, and the resultant velocities. 

4th. Exchange of forces by contact is more quick and complete 
between hard solids than compressibles. 

5th. Therefore the interstellar space has its particles, simple hard 
solids, separated in free space or in unions, in constant action, con- 
veying force in all directions ; each body moving in a single direct 
line till it comes in contact with another, when instant exchange ol 
forces occurs, and the body passes in the direction of the new force ; 
conveying forces in right lines without change ; showing tension 
for expansion, capacity for fluency, for compression of bulk and 
return, with continual intermixture, and uniform distribution in 
space. 

Further Considerations . 

The forms of force, gravity, and radiance, which freely pass the 
interstellar space, differ in velocity, gravity being, perhaps, many 
times the most rapid. Radiance is probably wave vibration, and 
has a range of sub-forms differing in the rapidity of repetition, with 
different kinds of effects, as heat, light, and actinic rays, but all 
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having a common speed in space. And it is possible that gravity 
and other forces may have a like nature in themselves. 

No force is confined to a single absolute speed ; for its base of 
origin may have motion to or fro in the line of force, adding to or 
taking from the absolute rate in space ; with a possible range of 
variation double the highest possible speed of its source. This 
raises a question of rates of light in astronomy, and corrections ; 
and, also, the question of approximation of character among the 
forces by their approximations of velocity, but leaves still wider 
differences. 


Inter-relations. 

How do velocities of force so different as gravity and radiance 
come to take place through one medium, while in radiance sev- 
eral forms of force have different wave-lengths, with but one rate of 
speed in space ? Sound resembles radiance very much in this and 
other respects, having several forms with a single rate of speed, 
which is near that of air flowing into a vacuum. This analogy 
and fact may give a question of relation between the power of a 
medium to convey a vibration, and that to convey initiate force 
as mass-motion ; and, with some other facts, may raise a suspicion 
that each force may have an appropriate grade or consistency of 
medium for passage or action, more or less extensive ; in which, 
perhaps, besides sizes of movable parts to suit wave-lengths, 
small, simple, free parts, as units of action, may give greater ra- 
pidity in space than when the amount of each impulse is so large 
as to extend an action through more complex bodies and masses. 

Classes of Force. 

Gravity and radiance represent two classes of forces. Light, 
heat rays, actinic rays, heat, chemical action, and electricity are 
closely correlated and interchangeable, and act with proportion to 
the chemical equivalents of matter ; while gravity, mass-motion, 
etc., have also like close relations, and act with proportion to “ in- 
ertia,” or capacity for M mass ” force. The two proportions are 
very different. The two classes have between their parts regular 
co-rates of energy ; but each clasd has its different rate of capacity 
for each element and combination of matter, without direct rela r 
tions between them. 


Digitized by v^.ooQle 



142 


A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 


Hypothesis. 

We can, to meet such a state, suppose gravity, mass-motion, etc^ 
to represent the action of unit particles, perhaps alike in all mat- 
ter ; and radiance, chemical action, etc., to represent the action of 
unit atoms formed by unions of the particles, and forming the sev- 
eral elements, each unit of action conveying a proportion of force 
regular for its class; and that the relative differences for each 
element may arise from the relative number of unit particles that 
go to form an atom unit of the element, while the relative dif- 
ferences of speed of the classes of forces may arise from the rela- 
tive ease of quickly communicating full force of impulse through 
the whole body of the unit, supposing the atoms to be permanent 
unions of particles, in which the particles have some interaction 
among themselves as units. 

Other sizes of mass and consistencies may also form units of 
action for other impulses of force, forming other kinds or classes 
of forces, with correspondingly larger and slower wave vibrations. 

Question. 

But what cause holds the particles in particular unions as atoms? 
This is ground for a variety of speculations. We could imagine 
they were created together of such interlocked shapes that they 
must remain ; or that their shapes were such that, in the ever 
beating of impulses from all sides, they would find a condition of 
relative rest together ; and other suppositions. But, in fact, this 
resolves itself into the whole broad question of all apparent attrac- 
tions of matter in all sized masses. It is evident it must result 
from some ever-acting force; and if the forces are repulsive 
waves, how do they show an attractive action ? That they do so 
has become a familiar idea, which has a certain plausibility in 
hypothesis. 


Supposition. 

The wave forces of gravity, passing through the tenuous sub- 
stance of space, are supposed to strike masses of more dense mat- 
ter, and to cause mass-motion when the masses are not supported 
on all sides alike. The impulses are supposed to come from all 
directions continuously ; but are supposed to be weaker on the 
sides toward other dense matter, because the dense matter is sup- 
posed, according to its amount, to take up or stop the repulsive 
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power of the force in passing it ; thus making an apparent attrac- 
tion between masses of matter as the result of constant pressures 
without inter-opposition. 


Difficulty. 

But how does a dense mass stop the force of gravity from pass- 
ing it toward all sides? It cannot move to all sides in mass- 
motion so as to take up all passing forces at once. And this is 
requisite to meet the case ; for gravity acts on all sides of all mat- 
ter, without regard to its motion. 

This fact destroys the supposition, unless some other term is 
found to interpose ; for force must continue to exist, and to act. 

Suggestion. 

Then what becomes of the intercepted force? The solution 
must rise from some law of force action. The different forces find 
different mediums which vary in suitability for action ; and when a 
force meets an unsuited medium it may either be, — 

1st. Deflected from its line of direction, in various ways, as in 
light, etc., or 

2d. Changed into some other form of force, as motion into 
heat, etc. 

Now, if the impulse of gravity force is changed into some other 
form of force, when entering dense matter, then it is possible for it 
to proceed in its course in the form of another force not so readily 
convertible into mass motion, and give the required term. 

Conclusion. 

If gravity and its congeners, — adhesion, cohesion, mass-motion, 
and perhaps others, — as principals, and the other forces as second- 
aries, all interchangeable, with different degrees of facility, hold 
masses of matter together, or in particular states, by constant 
action, as reviewed in these statements and suppositions; then 
we have a basis for the theory of elastic action, but requiring yet 
the laws to be developed and discovered. 
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2. 0n the Assumption that Matter is Impenetrable. By 
H. F. Walling, of Easton, Penn. 

In treatises upon physical science, the assumption is usually 
made as a fundamental principle or axiom, that matter possesses a 
property called impenetrability, by virtue of which every body 
excludes every other body from simultaneously occupying the 
same space with itself. 

If however, we examine this assumption in the light of modern 
molecular science, I think it will not prove to be so axiomatic as it 
has been considered, and that another cause may be assigned for 
the powerful resistance which appears to be developed when two 
bodies are made to encroach upon each other towards a simulta- 
neous occupation of the same space. At the same time it must be 
admitted that the apparent resistance becomes practically invinci- 
ble if the encroachment continues, its augmentation being espe- 
cially rapid in liquids and solids. 

In attempting to indicate the true cause of these observed 
effects, I propose to make no new assumptions, but, on the con- 
trary, to exclude the one already mentioned, as well as the equiva- 
lent one embodied in the theory of Boscovich ; namely, that any 
two atoms repel each other at minute distances with a force which 
becomes infinite as the distance between them becomes infinitely 
small. 

We have only to admit that the law of gravitation applies to 
atoms, and that no resistance to motion arises even when two or 
more atoms arrive at the same point, except that occasioned by 
gravitation itself It obviously follows that, if two atoms are mov- 
ing directly towards each other, the momentum imparted by mutual 
gravitation will carry each of them through and beyond the posi- 
tion of the other. A tendency to subsequent separation is thus 
produced, corresponding in its intensity to the enormous velocity 
generated by the continually increasing acceleration maintained 
during the approach of colliding atoms ; and it is this dynamic 
tendency to separate — constituting, it is true, what we may call a 
virtual repulsion, and not impenetrability or any real repulsion — 
that causes apparent resistance to mutual interpenetration. This 
virtual repulsion, however, though it does not prevent the actual 
occupation of the same position by two or more atoms during a 
single instant, limits the continuance of this occupation to an 
indefinitely small period of time. 
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The question naturally arises here, Why, if atoms are not impen- 
etrable, should bodies, which are merely aggregations of atoms, 
not in contact with each other, offer resistance to the passage of 
other bodies through the positions occupied by themselves? The 
answer is simple. The only resistances which occur are similar to 
those which retard the motions of individual atoms. Each indi- 
vidual of the entire aggregate moves with perfect freedom in the 
path of the resultant force, made up of mutual gravitation, which 
acts upon it. Indeed, it is only in solid bodies, or those where the 
motions of the individual atoms are such as to maintain what is 
called rigidity of form, that an appearance of such a resistance is 
found. 

When two or more gases are brought together, they rapidly dif- 
fuse themselves throughout the space which they jointly occupy in 
such a manner that if any portion of the mixture, however minute, 
be examined, it will be found to contain each of the component 
gases in the exact proportions of the entire mixture, a fact which 
seems to indicate that, sensibly, at least, a complete mutual inter- 
penetration has been effected. The same thing is true of liquids 
which are mutually soluble. True, if no chemical union occurs, 
the entire bulk of the mixed gases is equal before and after the 
mixture ; but may we not suppose that this is due, not to impene- 
trability, but to the production of a virtual repulsion by the dynamic 
force of the moving atoms in the manner already described ? 

In discussing the apparent resistance mutually developed when 
solids impinge, it becomes important to understand how their 
rigidity of form is maintained. A hypothetical explanation of 
this has been advanced in papers read by me at previous meetings 
of this Association. It may be briefly repeated that each physical 
molecule of a solid body is supposed to be composed of three cii> 
cular or elliptical rings, made up of simple atoms or chemical 
molecules, whose distances apart are very small in comparison with 
the dimensions of the rings or orbits. These three rings revolve 
about a common centre of gravity in three different planes at right 
or oblique angles to each other, the inclination of the planes and 
ellipticity of the orbits being determined by the relative weight of 
the three rings which revolve in dynamic equilibrium. Six poles 
are formed by the crossings of the three rings, at which the gravi- 
tating force is augmented, and this determines them as mutual 
points of attachment for adjacent molecules, thereby constituting 
crystalline or cohesive attraction, adhesion being the result of 
A. A. A. S. VOL. XIX. 19 
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attachments of adjacent molecules at points other than the crystal- 
line poles. The rings themselves have a fibrous character due to 
the close approximation of the atoms, which imparts a certain ten- 
sile strength ; that is, a necessity for performing work in separating 
them. An entire crystal is held together in each plane of orbital 
motion somewhat after the manner of a latticed truss, whence is 
derived its rigidity of form. 

To cause liquefaction an increase of atomic velocity, or of heat, 
must be effected, producing such a tendency to eccentricity that 
the extremities of one of the conjugate diameters which unite op- 
posite crystalline poles in each orbital ring are detached from those 
adjacent, and the rigidity disappears. If # the atomic velocity be 
still further increased, the orbits become unclosed and hyperbolic, 
causing the liquid to become a liquid or gas. 

Returning now to solids: when two of them, with their net- 
works of interlinked orbits, are made to impinge, accelerations and 
retardations of atomic velocity are produced in such directions in 
all the orbits that each impinging body is moved en masse away 
from the other ; or if the contact is maintained by pressure, a coun- 
teracting force is developed, producing increased velocities, and 
consequent tendencies to expansion in the ring-orbits, in other 
words a counter-pressure, which is transmitted through each body, 
from molecule to molecule, and which is in effect a virtual repul- 
sion between the two bodies. 

Admitting a dynamic hypothesis of this kind to be tenable, it 
follows that the gravitations of atoms, with the momenta produced 
thereby, are adequate to produce the apparent resistances to en- 
eroachment between bodies which are brought into collision, both 
as to change of form and to reduction of bulk. Hence, if we adopt 
the first philosophical rule of Newton to u admit no more causes 
of things than such as are both true and sufficient to explain their 
appearances,” we must discard the notion of impenetrability as one 
of those supposed causes which have become unnecessary to ex- 
plain appearances. 
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3. Remarkable Case of Freezing Fresh Water in Pipes 
Submerged in Salt Water. By W. W. Wheildon, of 
Boston, Mass. 

In the summer of 1868, the Mystic Water Board, having charge 
of the Charlestown Water Works, determined to lay an eight-inch 
pipe from their service main, near the westerly end of Malden* 
Bridge, in Charlestown, across Mystic River, for the supply of the 
City Institution, and several private parties on that side of the 
river. The source of supply for these Works is Mystic Lake, situa- 
ted in the towns of Medford and Winchester, about five miles 
from the City Hall in Charlestown. The water is conveyed in a 
viaduct of brick masonry from the upper part of the lake, about 
one and a half miles, crossing Mystic River, its outlet, where the 
stream is very small, to the pumping-house at the foot of Walnut 
Hill, in the southerly part of Medford. Here it is forced by steam 
pumps through a thirty-inch pipe, 3277 feet in length, to the height 
of 147 feet above tide-water level, into the reservoir near Tufts 
College. From the reservoir it is conveyed to the city, nearly 
three miles, through a twenty-four-inch iron pipe. At the point 
above mentioned, near the Malden Bridge, an eight-inch pipe was 
inserted into the main, and laid underground to the shore of the 
river ; there passing down the abutment wall to the bed of the 
stream. Following the line of the bridge on its upper side, it 
was laid in the soft mud, gradually descending towards the channel, 
passing through which, on the bottom, it was continued on the 
flats to the opposite shore, where it passed through the abutment, 
and was continued along the highway. At the abutments, and 
over a portion of the flats at low tide, the pipe was exposed to the 
weather ; and, to prevent freezing, orders were given by the Board 
to allow the water to run from some of the service-pipes, day and 
night, during the cold weather. 

The whole length of the eight-inch pipe from the main was 3,854 
feet ; 805 feet only being in the river from shore to shore. Of 
this 805 feet, about 300 feet were covered with the salt water at 
all times of tide, a portion of it being fourteen feet below the sur- 
face at low tide. The pipe used was what is known as u Ward’s 
spherical joint ” pipe, which adjusts itself to the irregularities of 
the river-bed. For some time the arrangement worked satisfacto- 
rily, and the benefit of abundance of pure water at the City Insti- 
tution was fully appreciated. 

On the night of the 12th of December, however, after a very 
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cold term (the mercury falling to ten or fifteen degrees below zero), 
the free running of the water from the service-pipes was nearly 
stopped, under the belief that the weather had so moderated that 
there was no danger of freezing. The next day no water could be 
obtained from the service-pipes, in a stable near the bridge, or at 
any other point. It soon became probable that the water was 
frozen in the pipe, and upon examination this was found to be the 
case : the pipe was filled with ice for the entire distance across the 
river, although the largest portion of it was from one to fourteen 
feefunder water at low tide. By means of a diver the pipe was 
bored in mid-channel, as it had been at other points, and every- 
where it was found to be filled with ice, showing that the immer- 
sion in salt water had not protected it from frost when the water 
in the pipe was wholly or partially at rest. 

The fresh water when it left the reservoir was, no doubt, at a 
low temperature, which would not be much raised in flowing 
rapidly a distance of two miles in the main pipe, although under- 
ground, — so that it must have been near the freezing point of 
fresh water, or 32° Fahr., when it entered the eight-inch pipe. The 
water in the channel of the river, after the tide had run out, flow- 
ing over the flats and shallow bed above the bridge, was, no doubt, 
reduced below 82° (freezing only at 29°), especially as it was in 
constant agitation. Therefore the fresh water in the pipe in the 
channel, upon being stopped, would almost immediately be frozen, 
as it was encompassed by water below its freezing point of 32°, 
just as it would if surrounded by air below its freezing point The 
Mystic River, above Malden Bridge, where the flats are of consid- 
erable extent on both shores, forming a large open bay at high 
water, is said to be remarkable for what is called a anchor-ice,” 
forming on the bottom of the river. 

A few years ago the water pipe of the Cochituate Water Works, 
passing across the creek between Chelsea and East Boston, was 
found to be frozen in the same way as the above ; and in this case 
the pipe was not exposed to the weather, but was submerged at all 
times. A water pipe from the Mystic Works, at one of the 
wharves in Charlestown, for the supply of fresh water to steam 
vessels, is kept from freezing by allowing it to run to waste in cold 
weather, and no difficulty has been experienced in its use. It ap- 
pears to be certain that fresh water will freeze, in pipes submeiged 
in salt water, when the temperature of the latter is below 32°, unless 
kept running, although ice will not form in the salt water excepting 
at the temperature of 29°. 
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I. GEOLOGY AND PALAEONTOLOGY. 

1. The Laurentian Apatites of Canada. By Gordon Broome, 
of Montreal, Canada. 

The object of this notice is to direct attention to several points 
of interest connected with the Apatite deposits of North Burgess, 
together with notes resulting from the chemical analysis of speci- 
mens collected by the author, during the summer of 1870, whilst 
visiting the district on behalf of the Geological Survey of 
Canada. 

The aspect presented by the entire region is broken and rugged, 
crystalline Laurentian rocks being abundantly exposed over a large 
proportion of the total area, whilst the superficial soils are gener- 
ally of little depth, though often not deficient in fertility. These 
irregularities of surface do not, however, attain to primary physi- 
cal importance; but the whole country is thickly sprinkled with 
barren knolls of Laurentian gneisses and granitic rocks, whilst the 
lowlands are frequently either occupied by lakes, of which there 
are a great number, or by heavily timbered swamps or morasses. 
Occasionally, also, table-lands of minor importance occur ; being 
formed by a somewhat thin capping of coarse-grained sandstones 
or conglomerates of the Potsdam Group (Zone primordiale of M. 
Barraude), horizontally and unconformably overlying the upturned 
and denuded Laurentian rocks. 

The district derives its chief importance from the occurrence in 
it of abundant supplies of the phosphate of lime, Apatite, a min - 
eral of great and increasing economic importance, as well as of 
considerable scientific interest. 

. These deposits were partially described in the “Geology of 
Canada, 1863,” as well as in subsequent Reports of the Geological 
Survey, so that it is proposed only to notice those localities, 
which may fairly be taken as types of the rest, and to offer a few 
suggestions as to the probable origin of the mineral, referring 
those who may desire a more detailed acquaintance with these 
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subjects to a Report on the Economic Geology of a part of Lanark 
County, which the author is now preparing for the Geological 
Survey. 

Perhaps the best and most typical examples of the usual mode 
of occurrence of Apatite in this district are afforded by the numer- 
ous exposures upon the north shore of Rideau Lake (lots four to 
ten in Concession V. of N. Burgess), whence much mineral has been 
extracted by the Rideau Mining Company, and especially by the 
veins upon the fourth lot, which are very numerous, have their 
walls exceedingly well defined, and their courses exactly parallel, 
viz., north northwest and south southeast (magnetic). They pass 
down vertically through a roughly stratified Laurentian gneiss, 
which dips eastward at a high angle, and possesses great hardness, 
together with a singularly homogeneous and fine-grained texture. 
The contents of these veins are almost always finely crystallized, 
consisting of a beautiful rose-pink calcite, enclosing numerous 
crystals of Apatite, some of which are of gigantic dimensions. 
Veins, or broad bands of dark magnesian mica (belonging to the 
species Phlogopite), commonly form part of the main lode, being 
often characteristic of the walls, and occasionally irregularly inter- 
secting the entire deposit. 

The following section, measuring the veins at right angles to 
their strike, taken on the banks of the Rideau, will show that, in a 
space of about 76.5 yards, no less than seventeen parallel veins 
were discovered, having an average breadth of one foot. 

None of these veins exceed the “ Crystal Lode,” belonging to 
the second series of the above section, either in dimensions, or in 
the beauty with which their constituents are grouped together. 
It has an average width of fifteen feet, and is mainly composed of 
pink calcite, containing very many crystals of Apatite, varying in 
size from those weighing two or three hundred pounds to othera 
scarcely discernible without the aid of a lens. 
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Section op Apatite Veins forming a First Series upon 
the North Shore op Lake Rideau. 


No. 

Breadth. 

Character. 

1. 

ft. in. 

1 — 6. 

Tolerably pure Apatite with large plates of mica, 
gneiss — more granitoid than usual with this rock. 


4 — 6. 

2. 

2 — 0. 

same as No. 1. 


16 — 0. 

gneiss. 

3. 

0 — 9.6 

Apatite — much caldte. 

4. 

11—0. 

gneiss. 

0 — 8. 

same as No. 8. 

5. 

18 — 0. 

gneiss. 

1 — 6. 

same as Nos. 8. and 4. 

6. 

1 — 0. 

gneiss. 

1 — 6. 

Apatite. 


16 — 0. 

gneiss. 

7. 

0 — 8. 

Apatite. 

8. 

6 — 0. 

gneiss. 

0—8. 

Apatite. 


27 — 0. 

gneiss. 

9. 

1 — 1. 

Apatite. 

10. 

80 — 0. 

gneiss. 

' 0 — 6. 

Apatite with pyroxene. 


18 — 0. 

gneiss. 

Banded Apatite. 

11. 

0 — 9. 


9 — 0. 

gneiss. 

12. 

(2 — 0. 

large mica plates. 

Jl — 6. 

gneissose rock. 


(0—1.6 

Apatite. 

18. 

10 — 6. 

gneiss. 

0 — 3. 

Apatite. 

14. 

18 — 0. 

gneiss. 

0—8. 

Apatite. 

16. 

# 6 — 8. 

gneiss. 

1 — 4. 

Apatite. 

16. 

9 — 0. 

gneiss. 

2 — 0. 

Apatite. 

17. 

24 — 0. 

gneiss. 

0 — 6. 

Brecciated vein with Apatite. 


Total Breadth, 76 yds. 1 ft. 7 in. 


Section op Series II. 


No. 

Breadth. 

Character. 

1. 

ft. in. 

0 — 6. 

Confused vein of mica with Apatite. 


16 — 0. 

gneiss. 

Banded Vein. 

2. 

8 — 9. 


24 — 0. 

gneiss. 

16 — 0. 

the “ Crystal Vein.” 
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Section op Vein 2. Series IL, showing the Banded, oe 
“Ribbon” Structure. 


ft. in. 

Mica in large plates with Apatite 0 — 9. 

Clear Apatite 1 — 6. 

Micaceous gneiss (?) 1 — 6. 


Note. — A space of about 440 yards intervenes between the veins of Series I. 
and those composing Series 11. 


The main lode is intersected at various angles by bands of dark 
mica (Phlogopite), occurring in fine hexagonal plates, and often 
imbedded in a pyroxenic base, whilst the walls are marked by 
similar ribs of from four to six inches in thickness. In the earthy 
debris scattered thickly over the outcrop of the vein are found 
numerous Apatite crystals with brown weathered surfaces, and both 
ends of the prism roughly terminated ; whilst the vogues or caver- 
nous hollows, formed throughout the vein by solution of portions 
of the calcite, abound in similar fragmentary crystals. 

Not unfrequently other minerals may be observed within the 
Apatite crystals, among which mica and calc-spar are the most fre- 
quent. The mica itself often contains crystals of the spar, or 
minute prisms of Apatite ; whilst one very instructive example was 
obtained, that showed a large thick plate of mica, which had 
been apparently torn asunder, in the direction of its basal cleavage, 
and at the same time curved and twisted, the clefts being occupied 
by veinlets of clear sea-green fluophosphate of lime. 

On the whole it may be said that this remarkable vein has 
yielded to collectors the finest known specimens of Canadian 
Apatites. 

It will not be necessary to describe here any other of the Apa- 
tite veins of this district, all of which have a dip not far removed 
from the vertical, whilst most of them exhibit a marked tendency 
to parallelism of strike. Indeed, with regard to the strike of these 
lodes, it appears that there are two directions, the one, and the 
most frequent, approximately at right angles to the strike of the 
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enclosing metamorphic rocks, the other coinciding with their direc- 
tion, and often giving the deposit the appearance of being a bed, 
and not, as in reality all these deposits are, a true vein. 

Whether these two groups of veins had different ages of forma- 
tion, and originated in fissures formed by forces acting at distinct 
epochs, the author has not at present been able to ascertain, owing 
to the extreme difficulty of tracing veins which have been mined 
to a very small extent only. 

Proceeding to inquire what relation the Apatite veins have to 
their country rock, we shall be able to arrive at certain facts with 
regard to the period of their formation, which are important as 
furnishing a reliable clew to the probable origin of the deposits. 

The veins are enclosed within stratified granites or gneisses of 
the Laurentian formation, and they appear to be most abundant in 
close proximity to those great bands of crystalline plumbaginous 
limestones, which may be traced for hundreds of miles over these 
Laurentian districts ; and, whilst they are entirely confined to these 
metamorphic rocks, and do not occur as veins in the overlying 
Potsdam sandstones, nevertheless fragments of Apatite, evidently 
derived from the denudation of the veins, have been observed in 
the very base of those sandstones. 

The sandstones are, as already stated, horizontally bedded, and 
entirely unconformable to the Laurentian rocks, which are much 
faulted ; and (on the tenth lot of Concession V. N. Burgess), in some 
instances, the Apatite veins are themselves faulted, their disloca- 
tions coinciding with the faults shown by the Laurentian gneisses, 
whilst the unconformably overlying sandstones are entirely undis- 
turbed. 

The period, therefore, at which these Apatites were formed into 
veins must be one anterior to that of the Potsdam Group ; and it 
follows that no theory which endeavors to refer the origin of the 
deposits to an organic source can be longer entertained, since the 
veins existed before the appearance of life upon the earth, except 
that of the Eozoon, and perhaps of some other organisms of an 
exceedingly simple and low type. The veins were consequently 
produced by inorganic agencies, and most probably in a manner 
exactly analogous to the formation of true mineral lodes ; viz., by 
deposition from aqueous solution, and usually from solution in 
heated and alkaline waters. 

The finely glazed surfaces of the Apatite crystals, as well as the 
extreme frequency of rounded edges, especially those of the ter- 
A. a. a. s. VOL. xix. 20 
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minal faces, which are usually obtuse rhombohedra, and the fretted 
and hollowed appearances presented by many of the crystals, are 
evidently due to a partial removal of the mineral in a state of 
aqueous solution, such solution being effected, at least in part, by 
the action of waters impregnated with carbonic acid. 

To obtain direct evidence on this point a large quantity of finely 
pulverized and pure Apatite was placed in two hundred grammes 
of distilled water, through which a stream of carbonic acid gas 
was passed for about twenty-four hours, at a temperature of about 
60° Fahr. 

The loss of weight amounted to .070 grammes; and it may 
therefore be concluded that, under the conditions mentioned, Apa- 
tite is soluble in 2,857 parts of carbonated water. But it must be 
borne in mind that, in a mineral vein, two other conditions exist 
by which the solubility of the mineral would be greatly increased; 
viz., a high temperature, and a pressure much in excess of that 
existing at the surface: so that this reaction alone may justly be 
regarded as amply sufficient to carry Apatite into a vein, and 
deposit it there in crystals having a banded grouping, and bearing 
marks of the action of aqueous solution in their production.* 

W aters charged with carbonic acid share this power of dissolv- 
ing the mineral phosphate of lime with solutions of ammoniacal 
salts, and of the alkaline chlorides and nitrates ; and this fact pos- 
sesses, as Liebig has shown, not only geological interest, but is 
also of the greatest importance to the agriculturist in the selection 
and employment of mineral fertilizers. Thus, it was found that 
in chloride of potassium TI ^ T parts of Apatite were dissolved by 
digestion for seven or eight days in the cold ; whilst a strong solu- 
tion of ammonic chloride removed parts, under like condi- 
tions. 

When phosphate of lime is exposed to the action of waters 
holding alkaline carbonates in solution, a reaction is established, 
resulting in the production of carbonate of lime and a phosphate 
of the alkali ; and it is not unlikely that the rapidity of solution 

* Mr. L. Feuchtwanger, in a paper read before the American Association for 
the Adrancement of Science, August, 1870, upon the Striation of Quart! Crys. 
tals, alluded to this phenomenon, showing a prism of Apatite with a regular per- 
foration thus produced. The author believes that the very marked regularity of 
such apertures may often be traced to the occurrence of smaller prisms within 
the larger crystals, and that these have given rise to the aperture, owing to 
their being more readily disintegrated and dissolved. 


Digitized by ^ooQle 



GEOLOGY AND PALAEONTOLOGY . 


155 


has been often augmented by this change, which at the same time 
may serve to account for the frequent occurrence of calcite within 
the crystals of Apatite. 

Bischof # enumerates all those rocks .of the igneous type in which 
phosphates have been found, and further remarks that the existence 
of like compounds in many other non-sedimentary rocks may be 
indirectly inferred from the character of their vegetation, the 
chemical composition of their soils, and the nature of the minerals 
contained in their waters. 

Clemm f and Forchhammer t have long since succeeded in de- 
monstrating the presence of phosphate of lime in sea- water ; and 
Dana remarks § that analyses of corals by Mr. B. Silliman, Jr., 
show that they contain small portions of the phosphate and fluor- 
ide of lime, together with some silica, alumina, and sesquioxide of 
iron, these substances being present in quantities, which he con- 
siders amply sufficient to account for the presence of such miner- 
als as Apatite, Fluorite, and Chondrodite in many of the crystalline 
limestones. From these and other considerations, the author has 
been led to believe that these veins have been produced by purely 
inorganic agencies, at a period contemporaneous with the alteration 
of the Laurentian strata into the metamorphic granites and gneisses 
by which they are now represented, and prior to that at which 
the Potsdam sandstones were derived from the waste of the old 
Laurentian coasts. 

A certain zone of the Laurentian sediments, and generally of 
those contiguous to the limestones, which we may conclude were 
always of deep-sea origin, became, to some extent, charged with 
phosphate and fluoride of lime, derived from precipitation from 
solution; and when the rocks composing this belt were subse- 
quently upheaved, contorted, and metamorphosed, vein fissures 
were abundantly produced, which were gradually filled by Apatite 
and its concomitant minerals, deposited from their solutions in 
such a way as to give rise to their characteristic ribbon structure. 

The veins so formed in the North Burgess District have not 
remained in their original form, but have been subjected to the 
same disturbing forces by which the rocks themselves were affected ; 
and this is proved by the occurrence of brecciated and confused 

* Chem. and Phv». Geol., pp. 23-41, voL ii., Eng. Ed. 

t Joarn. fur Prakt. Chem., xxxiv., 185. 

X Berzel. Jahersb., xxvi., 398. 

$ Sill. Amer. Journal (2), ii., 1846. 
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veins, as well as of those ribs, or subordinate veins, of mica, by 
which the “ Crystal Lode,” and other veins, are intersected. In 
some cases there is evidence to show that this disturbance has 
been often repeated ; and it may be that the subordinate group of 
veins, whose direction coincides with the strike of the rocks, were 
produced during this subsequent re-arrangement. 

The following is an analysis of a portion of a pure crystal of 
Apatite, sea-green in color, with the usual prismatic form, and giv- 
ing specific gravity = 3.209 : — 


Phosphoric Acid 40.11 

Lime 48.01 

Calcic Fluoride 7.20 

Calcic Chloride 0.65 

Calcic Carbonate 3.61 

Insoluble traces 

Water 0.66 


100.24 


Tribasic Phosphate 88.12. 

Or, excluding impurities, such as carbonate of lime, we should 
have: — 


Phosphoric Acid 42.16 

Lime .... 50.47 

Calcic Fluoride 7.56 


100.19 


It may be remarked that the Red Apatites from this district, which 
are not uncommon, and form the whole of many veins, are deficient 
in the interest attached to those of Arendal and other localities, 
being free from phosphate of cerium, and deriving their tinge from 
the presence of a basic phosphate of iron, evidently formed from 
the action of the strings of hematite and pyrite which sometimes 
occur in connection with veins of red Apatite. 

This condensed notice of the Laurentian Apatites must for the 
present suffice ; but the author hopes to be able to continue the 
subject in a future communication, as it appears to afford a rich 
field for researches in Chemical Geology. 
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2. The Oil-beabing Limestone op Chicago. By T. Stebby 
Hunt, of Montreal, Canada. 

(Abstract) 

When, in 1861, 1 first published my views on the origin of the 
petroleum of the West, I pointed out that the true source of it was 
to be looked for in certain limestones, long known to be oleiferous. 
These were the Coniferous, the Niagara, and the Trenton, and, in 
North-western Canada, strata regarded as of the Lower Helderberg 
age. I subsequently insisted still farther on the oleiferous charac- 
ter of the Coniferous in South-western Ontario, where it appears to 
be the source of the petroleum of that region. I have maintained, 
moreover, that the oil is indigenous to these and similar limestones, 
and has not been brought into them by any process of distillation 
or infiltration from other rock formations, such as the pyroschists 
of the Lower -Silurian and Devonian. The reasons for this opinion 
are as follows : 1st, These pyroschists do not, except in rare calca- 
reous bands, contain any petroleum ; and their capacity to yield 
volatile hydrocarbons by destructive distillation, under the influ- 
ence of heat, — a property which they possess in common with peat, 
coal, wood, and most bodies of organic origin, — is all that can be 
affirmed of them. Moreover, the pyroschists in question nowhere 
present any evidence of having been exposed to a heat such as 
would be required for the generation of volatile hydrocarbons, and 
still hold their hydrocarbonaceous matters in a non-volatile condi- 
tion. 2d, The conditions in which the oils occur forbid the 
notion that they have been introduced by a process of distillation. 
This being naturally a process of ascension, the oils of the Upper 
Silurian and Devonian limestones of the West should have come 
from the Lower Silurian (Utica) pyroschists ; but these are unal- 
tered, and the sandstones and shales between them and the oil- 
bearing limestones are destitute of petroleum. More than this, 
the Trenton limestone, which on Lake Huron and elsewhere has 
yielded considerable quantities of oil, has no pyroschist or hydro- 
carbonaceous rock beneath it. Still another reason, which I 
pointed out many years since, is that the oil in the Coniferous 
limestone is confined to certain bands, or layers, in which it fills the 
pores and the cavities of fossil shells and corals ; while the sur- 
rounding portions, though equally porous, are entirely destitute of 
petroleum. 
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The only reasonable conclusion from all these facts would seem 
to be that the oil has been generated in the portions of rock which 
now contain it, or, at least, that it has existed there, in some form 
or other, since the first deposition of the rock. Its source I conceive 
to have been a peculiar transformation of the organic matters 
which were enclosed in the forming limestone, resulting in the 
production of a compound destitute of oxygen, and containing a 
maximum of hydrogen. The nature of this chemical process I 
have elsewhere explained in the “American Journal of Science,” 
for March, 1863, and have, moreover, given reasons for supposing 
that many petroleums have been derived from animal organisms. 

The object of the present communication is to call attention to 
the vast quantities of ready-formed petroleum existing in the pores 
of the paleozoic limestones. In the vicinity of Chicago, Illinois, 
there is a mass of limestone, estimated by Mr. Worthen at from 
thirty-five to forty feet in thickness, which is throughout impreg- 
nated with petroleum, and is regarded as belonging to the Niagara 
formation. I selected from different levels in an open quarry near 
the city several specimens that were supposed to give an average 
of the oil-bearing limestone, which is in composition nearly a pure 
dolomite. Two portions of different lots of the broken-up rock 
were coarsely powdered and heated with hydrochloric acid in the 
cold, till the carbonates were dissolved, their weights being respec- 
tively one hundred and one hundred and thirty-eight grammes. 
From the insoluble residues the oil was extracted by ether ; and the 
oil, after evaporation in a water bath till it ceased to lose weight, 
was equal in the two trials to 1.570 and 1.505 per cent of the 
weight of the rock. It was reddish-brown in color, somewhat 
viscid, and had a specific gravity of .935 at 62° Fahr. Taking the 
density of the rock at 2.600, we have for the mean of the above 
determinations a volume of oil equal to 4.25 per cent of the rock ; so 
each square mile of it, one foot in thickness, would contain 1.184.832 
cubic feet, equal to 222,492 barrels, of forty gallons each. Taking 
the thickness of the oil-bearing limestone at thirty-five feet, we 
have thus, in each square mile, more than seven and three quarters 
millions of barrels of petroleum ; while the total produce of the 
Pennsylvania oil for the last ten years is estimated at only twenty- 
eight millions, or less than the contents of four square miles of a 
limestone bed like that of Chicago. 

Although it would be possible to retract by proper solvents the 
oil from rocks like this, it is probable that so long as great natural 
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springs of petroleum are accessible, such a process will never be 
resorted to. The conditions under which such springs have been 
produced would seem, as I long since pointed out, to be the As- 
suring of the oil-bearing strata, .connected with disturbances of the 
stratification, which have permitted a portion of the petroleum to 
flow out, and to accumulate in rents or cavities in the overlying 
rocks, which form natural reservoirs. So long as it is proved that 
the paleozoic limestones contain such enormous quantities of ready- 
formed indigenous petroleum as we have seen, it appears unneces- 
sary to resort to the gratuitous hypothesis of its production by 
destructive distillation from coals and pyroschists. 


3. Notes on Granite Rocks. By T. Sterry Hunt, of Mon- 
treal, Canada. 

(Abstract.) 

The name of granite, at first applied to a more or less granular 
composite rock, consisting essentially of orthoclase and quartz, 
with a portion of mica, has acquired a meaning both lithological 
and geological. Rocks possessing the characters just indicated 
occur in three very different geognostical relations: 1st, As 
clearly erupted, unstratified masses, which are intruded among 
stratified deposits, displacing them, and traversing the strata. 
2d, Stratified masses, which, by a more or less distinct lamination 
or parallel arrangement of the constituent elements, show a passage 
into what is often called granitic gneiss. Such masses present 
alternations of beds, varying somewhat in texture and in composi- 
tion ; and become in many cases interstratified with micaceous and 
quartzose strata, in such a manner as to show that they are all 
members of one contemporaneous stratified system. Such granitic 
rocks abound in the earlier geological series, for chemical reasons 
which I have elsewhere pointed out ; and hence granite has long 
been regarded as the primitive, or fundamental rock. From this 
notion, associated with the fact of the eruptive, unstratified char- 
acter of the granite rocks of the first class, has arisen the popular 
idea of a base of non-stratified granite, of igneous origin, which 
preceded all stratified formations. Such a base is, however, un- 
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known to the geologist ; and the widely spread granitic rocks 
which have given origin to this hypothesis are, for the most 
part, not eruptive, but stratified, belonging to the second class, or 
granitic gneisses. Such rocks may be designated indigenous gran- 
ites, to distinguish them from those of the first class, which, being 
foreign to the strata in which they occur, I have called exotic 
granites. 3d, There is a third class of granitic aggregates, differing 
in their geognostical relations from both of the preceding, which 
I have designated as endogenous, to call attention to the fact that 
they have been formed by a growth within the fissures, or cavities, 
which they now occupy. They are true veinstones, of aqueous 
origin, analogous in their mode of formation to those of quartz 
and calcite, which often form the gangue of metallic ores. Such 
veins in stratified rocks, more or less calcareous and magnesian, 
may* contain, besides orthoclase and quartz, calcite, amphibole, and 
magnesian micas ; while, in rocks destitute of lime and magnesia, 
minerals containing these elements are absent from the veinstones, 
which assume the composition of granites. 

The principal object of this paper is to call attention to these 
endogenous, or veinstone granites, which constitute the pegmatites 
of some authors, and play a conspicuous part in the geology of 
some regions, where they are often confounded with eruptive, or 
exotic granites. Like these, they are seen to be posterior in origin 
to the crystalline schists which enclose them. They are, however, 
distinguished from exotic granites by the fact that they are fre- 
quently the gangue of rare mineral species, such as beryl, tourma- 
line, lepidolite, apatite, cassiterite, etc., and by various peculi- 
arities. Thus, while exotic granites are comparatively fine-grained 
and uniform in texture, the endogenous veins, even if only a few 
inches in diameter, are often very coarse, holding broad, cleavable 
masses of orthoclase, and not unfrequently as large ones of hyaline 
quartz, the two minerals being often arranged in bands parallel 
with the walls of the vein. This banded structure is sometimes 
beautifully evident in granitic veins ; while at other times the 
aggregate assumes the character of graphic granite, or resembles 
very closely an exotic granite. These variations may sometimes 
be met with in the same vein. The size of these endogenous veins 
varies from a few lines to fifty feet or more in breadth. Nowhere, 
perhaps, can they be better studied than in the great belt of crys- 
talline schists which stretches through Eastern New England, from 
Maine to Connecticut. Thus, for example, in the townships of 
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Westbrook, Danville, Brunswick, Topsham, Bethel, and Riley, 
among others in Maine, endogenous granite veins, in great number 
and of large size, traverse the soft micaceous schists of the region, 
and, these having been worn down, the harder endogenous granites 
are very conspicuous. Interstratified with these same schists are 
great beds of fine-grained granitic gneiss, constituting an indige- 
nous granite. To these belong the so-called granites of Hallowell 
and Augusta, in Maine; while examples of exotic, or eruptive 
granite, occur at Biddeford and Saco Pool. 


4. On the Former Existence op Local Glaciers in the 
White Mountains. By Louis Agassiz, of Cambridge, 
Mass. 

Twenty-three years ago, when I first visited the White Moun- 
tains, in the summer of 1847, 1 noticed unmistakable evidences of 
the former existence of local glaciers. They were the more clear 
and impressive to me because I was then fresh from my investigap- 
tions of the glaciers in Switzerland. And yet, beyond this mere 
statement of the fact that such glaciers once existed here, I have 
never published a detailed account of my observations, for this 
simple reason, — that I could not then find any limit or any definite 
relation between the northern drift and the phenomena indicative 
of local White Mountain glaciers ; nor have I ever been able since 
to revisit the region for more careful examination. This year, a 
prolonged stay among these hills has enabled me to study this 
difficult problem more closely ; and I am now prepared to show 
that the drift, so called, has the same general characteristics on 
the northern and southern sides of the White Mountains. 

Whatever, therefore, may have been the number of its higher 
peaks that at any given time during the glacial period rose 
above the great ice sheet which then covered the country, this 
mountain range offered no obstacle to the southward movement 
and progress of the northern ice fields. To the north of the 
White Mountains, as well as to the south, the northern drift con- 
sists of a paste more or less clayey or sandy, containing abraded 
fragments of a great variety of rocks so impacted into the minutely 
comminuted materials as to indicate neither stratification, nor 
A. a. a. s. VOL. xix. 21 
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arrangement or sorting, determined by the form, size, or weight of 
these fragments. Large boulders, and pebbles of all sizes, are 
found in it throughout its thickness ; and these coarser materials 
have evidently been ground together with the clay and sand, 
under great pressure beneath heavy masses of ice, — for they bear 
all the characteristic marks so unmistakable now to those who are 
familiar with glacial action ; scratches, grooves, and furrows, etc. 
These marks are rectilinear, but they cross each other at various 
angles, thus showing by the change in their direction that the frag- 
ments on which they occur, though held for a time in one and the 
same position, while these straight lines were engraved upon their 
surface, nevertheless changed that position more or less frequently. 
A few flatter fragments, with more angular outlines, show only 
one kind of scratches, having evidently been held for a longer 
time in the same position. This drift, however it may vary in its 
mineralogical compounds in different localities, exhibits everywhere 
the same characteristic treatment over the whole country, from the 
shores of the Atlantic to the Rocky Mountains and beyond. In 
the White Mountain region it has the same mineralogical charac- 
ter north and south of the range, and rests everywhere upon the 
well-known roches moutonnees, — in one word, upon the planed, 
grooved, polished, and scratched surfaces of the rocks underly- 
ing it. 

Observation has taught us that materials such as those 
described above, so combined, exhibiting the same characters on 
their surfaces, and having the same diversity of composition, and 
absence of all sorting or regular arrangements, occur now at the 
bottom of the great glaciers of our own time, and nowhere else, 
being found between the ice and the rocks over which it moves ; 
the result, in fact, of the grinding action of advancing glaciers. 
On account of their unvarying position I have called these deposits 
“ground moraines,” because they are always resting upon the 
rocky floor of the country, between it and the under surface of the 
ice. Our typical, unaltered, so called northern drill is synonymous 
with the ground moraines of the present day, differing only in its 
greater extension. It is, in fact, a ground moraine spreading over 
the greatest part of the continent. All its characteristics, identical 
in every detail with those of the deposits underlying the present 
glaciers, show that it can only have been formed under a moving 
body of ice, held between it and the underlying mass of rock. 
The great ice sheet, the glacial period, which has fashioned the 
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drift* must therefore have been co-extensive with the distribution 
of the latter. It is very important to distinguish this drift from 
the moraines formed under other circumstances, and from the 
so called erratics and perched blocks. Moraines, as commonly un- 
derstood, — that is, lateral and frontal moraines, consisting of loose 
materials collected along the sides and at the terminus of a gla- 
cier, — always indicate, and, where undisturbed, actually define, the 
margins of a moving mass of ice ; whereas the so-called median 
moraines, formed along the line of junction of the glaciers, are car- 
ried upon the back or upper surface of the ice, and always consist of 
angular materials, the shape and arrangement of which are deter- 
mined by their mode of accumulation. Just as among the glaciers 
of the present day we discriminate between ground moraines, 
lateral, frontal, and median moraines, so must we also distinguish 
between the same phenomena in past times. The glacial period 
had also its ground moraines, its lateral, its frontal, and its median 
moraines, its erratics and perched boulders. But the huge ground 
moraine of the earlier ice time stretched continuously, like the ice 
sheet under which it was formed, over the whole country, from the 
Arctic to the Southern States, and from the Atlantic to the Rocky 
Mountains. I do not speak of the Western slope of the Continent 
because I have not examined it personally. The great angular 
erratics of that period were scattered irregularly over the country 
as the few large boulders are scattered on the upper surface of a 
glacier now. It is the contact of the more limited phenomena of 
the local glaciers, which succeeded this all-embracing winter (their 
lateral, frontal, median, and limited ground moraines, and their 
erratics), with the more wide-spread and general features of the 
drift, that I have been able to trace in the White Mountains this 
summer. The limits of this paper will not allow me to do more 
than record the general facts ; but I hope to give them hereafter 
more in detail, and with fuller illustrations. The most difficult 
part of the investigation is the tracing of the erratics to their 
origin : it is far more intricate than the identification of the origin 
of ordinary drift, or of continuous moraines, because the solution 
of the problem can only be reached under favorable circumstances 
where boulders of the same kind of rock can be followed from 
distance to distance to the ledge in situ from which they were 
detached. 

Now, in the neighborhood of the White Mountains, we find, 
beside the typical, or northern drift, large erratic boulders, as well as 
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lateral, frontal, and median moraines. A careful examination of 
these shows, beyond a doubt, that they came from the White 
Mountains, and not from the northern regions, since they overlie 
the typical drift, which they have only here and there removed or 
modified. A short description of the facts will leave no doubt 
upon this point. 

The finest lateral moraines in these regions may be seen along 
the hill-sides flanking the bed of the south branch of the Ammonoo- 
suc, north of the village of Franconia. The best median moraines 
are to the east of Picket Hill and Round Hill. The latter mo- 
raines were formed by the confluence of the glacier which occupied 
the depression between the Haystack and Mount Lafayette and 
that which descended from the northern face of Lafayette itself* 
These longitudinal moraines are particularly interesting as con- 
necting the erratic boulders on the north side of the Franconia 
range with that mountain mass, and showing that they are not 
northern boulders transported southwards, but boulders from a 
southern range transported northwards. But by far the most 
significant facts, showing the great extent of the local glaciers of 
the White Mountain range, as well as the most accessible and 
easily recognized, even by travellers not very familiar with glacial 
phenomena, are the terminal moraines to the north of Bethlehem 
Village, between it and the northern bend of the Ammonoosuc River. 
The lane starting from Bethlehem Street, following the Cemetery 
for a short distance, and hence trending northwards, cuts sixteen 
terminal moraines in a tract of about two miles. Some of these 
moraines are as distinct as any I know in Switzerland. They 
show unmistakably by their form that they were produced by the 
pressure of a glacier moving from south northwards. This is indi- 
cated by their abrupt southward slope, facing, that is, toward the 
Franconia range, while their northern face has a much gentler 
descent. The steeper slope of a moraine is always that resting 
against the glacier, while the outer side is comparatively little 
inclined. The form of these moraines therefore, as well as their 
position, shows that they have come down from the Franconia 
Mountains. A few details concerning their location may not be 
out of place, in order that any visitor interested in the facts may 
readily find them without a guide. The ground to the north of 
Bethlehem slopes gently northward, and is not wooded for about 
half a mile from the street. Following the lane above mentioned, 
the first moraine reached skirts the edge of the wood, and near the 
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houses of Mr. Phillips there are four others, more or less distinct, 
before reaching a little trout brook called w Barrett’s Brook.” The 
lane descends more rapidly towards the brook than before ; and, 
where the descent begins to be steep, the eye commands the spaoe 
between the brook and a higher ground, on which stands a house 
owned by Henry McCulloch. Over that interval six very fine mo- 
raines may be counted, one of which is perhaps the finest speci- 
men of a terminal moraine I have ever seen. Beyond McCulloch’s 
there are five more, not quite so distinct. The ground beyond the 
termination of the glacier of the Rhone, in Switzerland, is cele- 
brated for its many distinct concentric terminal moraines ; but here 
we have a field over which, within the same area, a larger number 
of such moraines may be seen, and I believe that a pilgrimage to 
this spot would convert many a sceptic to the true faith concerning 
the transportation of erratic boulders, especially if he has seen 
the glaciers of the Rhone, and can compare the phenomena of the 
two localities. 

The Littleton road from Bethlehem, and the roads to Franconia 
Notch from both these towns, frequently intersect terminal moraines. 
Those familiar with the topography of the Franconia range, and 
its relation to Picket Hill and the slope of Bethlehem, will at once 
perceive that the glaciers which deposited the front moraine to 
the north of Bethlehem Village must have filled the Valley of 
Franconia to and above the level of the saddle of Picket Hill, 
making it at least fifteen hundred feet thick, if not more, — 
thicker, in short, than any of the present glaciers of Switzerland. 
It will be observed, also, that as soon as the northern portion of 
that glacier had retreated to the wall which encircles the Franco- 
nia Valley on the north, the glacier, occupying henceforth a more 
protected valley within the range, must have made a halt, and 
accumulated at this point — that is, south and west of the saddle of 
Picket Hill — a very large terminal moraine. This moraine actually 
exists to the present day, and is one of the most characteristic 
features of the distribution of erratics in these regions. From the 
moment the glacier was reduced to the level of Franconia bottom 
it must suddenly have vanished entirely from the whole valley, 
and thus it happens that no other large terminal moraines are 
seen between that just mentioned and the higher range of Fran- 
conia. 

Moraines similar to those observed on the northern side of the 
White Mountains exist also on their southern side, in the vicinity 
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of Centre Harbor. Lateral moraines may be traced at the foot of 
Red Hill, a little above Long Pond ; also, along Squam Lake. 
Median moraines are very distinct near Centre Harbor Hotel. 
Terminal moraines are also numerous near Centre Harbor, and in 
the neighborhood of Meredith. At the southern end of Red Hill 
the lateral moraines bend westward, and show their connection 
with the terminal moraines. These facts, taken in their relation 
with those enumerated above, show that there were local glaciers on 
the southern as well as the northern slopes of the White Mountain 
ranges, moving in opposite directions ; those on the northern slope 
moving northward, and those on the southern slope moving south- 
ward. I have seen no evidence thus far of these northern glaciers 
extending beyond the range of hills which separates the Ammonoo- 
suc River from the Connecticut River Valley west of Lancaster, 
nor have I traced the southern glaciers beyond Lake Winnepe- 
saukee. Traces of an eastern glacier, moving westward, may be 
seen near the Twin Mountain House ; but I have not examined 
that region with sufficient care to give minute particulars. 

All these moraines and traces of local glaciers overlie the typi- 
cal, or northern drift, so called, wherever the latter has not been 
entirely swept away by the local glaciers themselves ; thus show- 
ing that the great ice sheet is anterior to the local glacier, and not 
formed by a spreading of smaller pre-existing glaciers. At least, 
wherever I have recognized traces of circumscribed glaciers in 
regions where they no longer exist, it has always appeared to me 
that the minor areas covered by ice were remnants of a waning 
sheet of greater extent. If the glacial period set in by the enlarge- 
ment of limited glaciers already formed, and gradually spreading 
more and more widely, as Lyell and the geologists of his school 
suppose, the facts which would justify such a view are still to be 
made known. I have not seen a trace of them anywhere ; on the 
contrary, throughout the ranges of the Alps, in the Black Forest, 
the Vosges, as well as in the British Islands, in Scotland, Wales, 
and Ireland, I have everywhere satisfied myself that the more 
extensive the glaciated areas indicated by polished surfaces and 
moraines in any given locality, the older they are when compared 
with glacial phenomena circumscribed within narrow limits. 

It therefore follows from the facts enumerated above, as well as 
from a general consideration of the subject, that the local glaciere 
of the White Mountains are of a more recent date than the great 
ice sheet which fashioned the typical drifts. On another occasion I 
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hope to show that the action of the local glaciers of the White 
Mountains began to be circumscribed within the areas they have 
covered, after the typical drift had, in consequence of the melting 
of the northern ice sheet, been laid bare in the Middle States, in 
Massachusetts and Connecticut, after even the southern portions of 
Vermont, New Hampshire, and Maine had been freed, and when 
the White Mountains, the Adirondacks, and the Katahdin range 
were the only ice-clad peaks in this part of the continent. 

When, in their turn, the glaciers of the White Mountains region 
began to melt away, the freshets occasioned by the sudden large 
accumulation of water remodelled many of these moraines, and 
carried off the minute materials they contained, to deposit 
them lower down in the shape of river-terraces. I have recently 
satisfied myself by a careful examination that all the river-terraces 
of the Connecticut River Valley and its tributaries, as well as 
those of the Merrimac and its tributaries, are deposits formed by 
the floods descending from the melting glaciers. What President 
Hitchcock has described as sea-beaches and ocean-bottoms near 
the White Mountain and Franconia Notches, as well as in the 
Connecticut River Valley and along the Merrimac, have all the 
same origin. The ocean was never in contact with these deposits, 
which nowhere contain any trace of marine organic remains. 


6. Boulder-trains in Berkshire County, Mass. By John B. 

Perry, of Cambridge, Mass. 

Lines of erratics are occasionally met with in different parts of 
the country, but they are nowhere better exhibited than in Rich- 
mond, Berkshire County, Massachusetts. In that neighborhood 
there are six or seven nearly parallel trains of angular boulders, 
two of which are particularly well defined. Attention was called 
to the marvellous arrangement of these travelled rocks, years ago, 
by my friend, Dr. Reid, of Pittsfield. They have been likewise 
referred to, and in part described, by Sir Charles Lyell and the 
late President Hitchcock. 

These boulder-trains originate partly in a nearly meridional range 
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of hills, consisting of chloritic slate, in Canaan, Columbia County, 
New York; but more especially in two other parallel ranges of 
peaks with a like trend, situated near the State-line in Richmond. 
The latter ranges are* also mainly composed of a greenish slate, 
which contains extensive beds of interstratified limestone. For the 
most part, the character of the boulders is such that they can be 
readily traced back to their exact source, — those of the two most 
prominent lines to isolated peaks of the Canaan hills ; those of the 
other trains to similar heights in the Richmond ranges. Some of 
these tracks of erratics may be followed south-easterly for four or 
five miles ; others, passing over the Lenox range of hills, can be 
traced for ten or fifteen ; and one of the larger, for some twenty 
miles. Their direction, in the first portion of their course, is south 
about 55° east. Somewhat further on they change their trend, it 
being for the most part some 35° east of south. 

President Hitchcock, presuming that there was a submergence 
of the region during the glacial period, speaks of these lines of 
erratics as osars . Sir Charles Lyell, also supposing a depression of 
the country, thinks these boulders were transported by coast ice. 
Professor Rogers, in order to account for such phenomena, has 
assumed the occurrence of a vast wave of translation. 

There being no evidence, as shown in a previous paper, of any 
considerable depression of this part of the continent during the ice 
period, — even if a submergence would afford an adequate explana- 
tion, which it does not, especially when we remember the straight 
course marked by the parallel lines of erratics over high hills, and 
through the deep valley of Richmond, — the question now arises, 
How are we to account for these boulder-trains ? To this query I 
reply in the fewest words at my command. 

As the vast ice sheet which spread over the country gradually 
wasted, the elevations from which these boulders were derived 
would be at last laid bare. The ice no longer passed directly over 
the tops of the hills ; indeed, there is evidence that the mass was 
parted, moving around the north-eastern and south-western flanks 
of the several peaks. Of course, under these circumstances, the 
hillsides would be closely pressed and rubbed, blocks of slate and 
limestone detached from their places, and borne along by the ice- 
sheet. This being, in that neighborhood, at the time in question, 
some six hundred feet in thickness, and continuing slowly to thaw 
as it advanced, the boulders must be carried forward for a consider 
able distance, and finally left resting upon the typical drift, as we 
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now find them. The ice gradually wasting, there would likewise 
be changes in the direction of the moving mass, determined by the 
character of the underlying surface of solid rock, thus causing the 
variation observable in the trend of the boulder-trains, in the latter 
part of their course. 

Such, in brief, is the explanation which I would give of these 
lines of angular rocks, — an explanation which is applicable to sim- 
ilar phenomena- in Huntington, Vt., and in some other parts of 
New England ; an explanation which, taking from these instances 
the exceptional character which has been given to them, regards 
them as legitimate concomitants of the last great winter of the 
ages; an explanation suggested to me by the study of these 
strange remains in the light derived from the researches of Pro- 
fessor Agassiz, on the existing glaciers of Switzerland ; an expla- 
nation which, while it is in entire consonance with all the known 
facts connected with the glaciation of the country, has the great 
advantage of requiring no resort to an arbitrary theory of sub- 
mergence. 


6. The Supposed Elevation and Depression of the Conti- 
nent during the Glacial Period. By John B. Perry, of 
Cambridge, Mass. 

Many geologists suppose that there was an extensive elevation 
of the northern part of America, at the close of the Tertiary Era. 
This they think was necessary in order to the existence of the ice 
period, and of the phenomena peculiar to it. Instead of resorting 
to a supposition of this kind, which is wholly unauthorized by 
positive evidence, I prefer to cling to facts, invoking the aid of a 
series of astronomical occurrences, which, viewed not separately but . 
in combination, appear to be fully sufficient for the production of 
this great winter of the ages. Among the facts referred to. are, 

(1) variation in the obliquity of the earth’s axis to the plane of 
the ecliptic; (2) variation resulting from the advance of the peri- 
helion in connection with the precession of the equinoxes ; and 
(3) variation in the eccentricity of th& earth’s orbit around the 
A. A. A. a. VOL.* XXX. 22 
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sun. Intense cold being produced by a combination of cosmical 
agencies, the formation of an ice sheet of vast extent would 
naturally follow, especially if there were abundant moisture. The 
fact of intense igneous activity, near the close of the tertiary 
times, suggests the occurrence of immense evaporation, and thus 
a source of aqueous supply. Under these conditions an ice sheet 
might be readily formed. Great cold prevailing on its northern 
limits, and serving as a barrier to its motion in that direction ; 
there being at the same time a partial melting of its southern face ; 
meanwhile the waters from the wasting snows on its surface per- 
colating the icy mass ; there also being contractions and expansions 
consequent upon alternations in the temperature ; all these being 
connected with the gravitating force of a mass from five thousand 
to ten thousand feet in thickness, motion toward the south would 
inevitably result on a horizontal surface, and much more if there 
were even a slight southward inclination of the country. Under 
these circumstances there must have been an instrumentality fully 
able to plane, smooth, and striate .the rocky floor of the country, 
as it now appears, and thus to account for the debris almost every- 
where met with in great abundance. 

But, if there were no elevation of the continent, how are we to 
explain the various phenomena which are regarded as evidence and 
results of a higher level of the land ? — for instance, the occurrence 
of pot-holes in places apparently never traversed by torrents ; the 
formation of fiords ; the existence of submarine river-channels, as 
those extending from the existing mouths of the Hudson and of 
the Connecticut ; or the fact of sub-aerial deposits, as mud-flats, 
now found beneath the level of the sea. It is well known that, 
when glaciers meet with obstructions, breaks (known as moulins) 
occur in them ; that, the snows melting on the surface of the ice 
mass, streams are formed which flow into those breaks, and thus 
become torrents and cascades, which wear pot-holes in every 
respect similar to those requiring explanation. This being the 
case, the result in question might have been produced, during 
the glacial period, without an elevatioh^f the northern regions. 
Again, it should be remembered that an immense ice sheet moving 
seaward must, in displacing, the waters along the shallow margin 
of the ocean, do its legitimate work of erosion beyond the present 
shore line, and that thus old depressions might be deepened, while 
new valleys and fiords would be formed, as well as the so called 
submarine river-channels, wliich remain to this day. Accordingly, 
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all this erosion could readily take place, without an uplift, even if 
the sea were at its present height. But this suggests a question : 
Whence came the vast ice sheet? Undoubtedly, I answer, for the 
most part from the ocean. Thus its waters must have undergone 
a great depression, perhaps one of several hundred feet ; and this 
enables us to account for the mud-flats and other like deposits now 
beneath the surface of the sea. They were probably laid down 
when the ocean was at a lower level than it is to-day. 

It has been, moreover, thought necessary to suppose that a de- 
pression of the continent finally followed its conjectured elevation. 
The land having been lifted up, it must be got down again in some 
way, in order that there might be a return of warmth, and things 
be substantially as we now find them. Now marine organic 
remains seem to attest a limited depression, in a few places one of 
some five hundred feet. But so slight a submergence of the land, 
there beiifg upon it an ice sheet thousands of feet in thickness, 
could not cause a return of warmth; meanwhile the cosmical 
agencies, already referred to as the cause of the intense cold, would 
in due course of time, by a reversal of the direction of their influ- 
ence, be abundantly sufficient to produce a return of warmth. A 
summer of the ages thus coming on, the ice sheet gradually melt- 
ing on its southern border must retreat northward. And the 
waning of the glacial mass would be accompanied by results which 
require an extended, though they can now receive only a slight 
explanation. 

The ice gradually thawing, the immense mass of detrital matter 
which lay beneath it, and is known as typical drift, would be by 
degrees laid bare, and left substantially as we now find it. In this 
view a resort to a depression of five thousand or six thousand feet, 
and to iceberg agency, is unnecessary. Indeed, Arctic icebergs 
conld not furnish the material which makes up New England typi- 
cal drift, since it is for the most part of local origin. No more 
could bergs from the White Mountains h:ive supplied it ; for it is a 
continuous sheet, having a uniform glaciated character, and spread- 
ing over vast areas lying far to the north no less than to the south 
of these mountains. So icebergs could not have deposited it, 
because, as they slowly wasted, the particles of matter must havj 
been scattered by the flux and reflux of the tides, and thus to a 
large extent stratified. Again, from the southern border of the 
wasting ice sheet, floods of water would flow, working over and 
remodelling portions of the detrital masses, bearing soma of the 
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finer material southward, and laying down those deposits known as 
modified drift. These constitute in part the terrace-formations, 
which usually slope with the rivers along which they occur. In 
exceptional cases there were barriers obstructing the waters ; thus 
were formed ponds and lakes, in which deposition took place in 
more nearly horizontal layers. Finally, from the wasting of the 
ice sheet the surface of the ocean must have been elevated, its 
waters spread over the lower levels of the still partially depressed 
lands, laying down beds containing marine organic remains, which 
to-day bear witness of what was perhaps a slight depression. In 
due time, after the disappearance of the ice, the continent would 
resume its normal elevation, the brackish waters of the ocean be 
excluded from the estuaries, and all things come gradually to take 
the position which they hold to-day. 

In conclusion, it may be asked whether the explanation suggested 
be not in consistency with the facts, and thus whether^ve ought 
not to accept it, rather than arbitrarily to resort to the assumption 
of a vast continental elevation and depression, which, if not dis- 
proved, is at least wholly unsupported by positive evidence. 


7. Remarks on the Relative Age of the Niagara and the 
so called Lower Helderberg Groups. By A. H. Wob- 
then, of Springfield, Illinois. 

Recent investigations have developed certain facts bearing 
upon the question of the relative age of the above-named groups, 
which we desire to present in a brief manner for the consideration 
of those who are especially interested in stratigraphical geology. 

In Northern and Western Illinois, from the mouth of the Illinois 
River northward to the Wisconsin line, the Upper Silurian divi- 
sion of the palaeozoic series is represented by bufi^ gray, or yellow- 
ish-gray dolomites, sometimes in remarkably even beds, as at Joliet 
and Grafton ; and at other localities, by concretionary masses, with 
but faint traces of stratification, as at Bridgeport, near Chicago, 
and at Port Byron and Leclare, at the head of the Upper Rapids 
on the Mississippi River. They range in thickness from seventy* 
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five to three hundred feet, and directly overlie the shales and 
argillaceous limestones of the Cincinnati group of the Lower Silu- 
rian series. These dolomites are quite fossiliferous, and afford 
many characteristic Niagara species, among which we may men- 
tion Pentamerus oblongus , Spirifer radiatus , Ccdymene Blumen- 
bachii , Caryocrinus ornatus , Orthoceras undulatum , etc. From 
the Bridgeport locality alone, nearly one hundred species of fossils 
have been enumerated, a large number of which are specifically 
identical with those found in the Niagara beds of New York and 
Canada; and, so far as we are aware, all Western geologists are 
agreed in considering these dolomites to be the stratigraphical 
equivalents of the Niagara group of New York. 

In Southern Illinois we find these dolomites replaced by a senes 
of silicious and argillaceous limestones, forming a group two hun- 
dred and fitly feet or more in thickness, which, like the dolomites 
of Northern Illinois, rest directly upon the Cincinnati group, and 
are immediately succeeded by DevonL'fa strata. At the base of 
this group of silicious limestones there are some reddish mottled 
beds, from ten to twenty feet in thickness, that in color bear 
considerable resemblance to the Medina sandstone of New York ; 
and these mottled limestones pass gradually into the buff and gray 
silicious beds that constitute the upper and main portion of the 
group. Fossils are rare in the lower portion of the group here ; 
but the mottled limestones contain some Orthoceratites , and joints 
of large Crinoidea , while the middle and upper portions are locally 
quite fossiliferous, and have afforded many of the characteristic 
species of the so called Lower Heidelberg group, among which are 
the following : Orthis subcarinata , O. oblata , Ccelospira subcari - 
nata, C. imbricata, Spirifer per-lamellosus, and Platyceras spirale 
of Hall, and Addaspis hamatus of Conrad, together with species 
closely resembling, if not identical wdth, Merista princeps , Platy- 
ceras pyramidatum, P. unguiforme, P. indie, and P. multistria- 
tum of Hall. 

In the first volume of the “ Report on the Geological Survey of 
Illinois,” these silicious limestones of the southern portion of the 
State, and the dolomites of Northern Illinois, were regarded as the 
stratigraphical equivalents of the Niagara group, and w ere included 
together as representing a single division of the Upper Silurian 
series; but subsequently in a corrected section of the Illinois 
strata, published in the introduction to the second volume, we were 
induced, from the dissimilarity of the fossils from the different sec- 
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tions of the State, to regard the silicious limestones of Southern 
Illinois as the representatives ot a higher geological horizon, and 
therefore placed them above the dolomites of the northern part of 
the State, as the equivalents of the so called Lower Helderberg 
group. We are now, however, fully satisfied from a further exam- 
ination of these Upper Silurian strata, over a more extended 
region, that our first conclusion was correct, and that these silicious 
limestones and dolomites represent the same geological horizon, 
and that the difference in the specific character of their fossil con- 
tents is entirely due to the changes in the oceanic conditions 
under which they were deposited, and not to the different ages of 
the sediments themselves. 

South of the Ohio River, these Upper Silurian strata are found 
well exposed in Tennessee, in the counties of Wayne, Perry, and 
Decatur, on the Tennessee River, outcropping over a wide area, and 
affording numerous species of fossils in a fine state of preservation. 
The base of the group here consists of reddish and mottled lime- 
stones, very similar to those in Southern Illinois, and contain 
Orthoceras undidatum , and joints of large crinoids in great abun- 
dance. These red limestones are succeeded by a series of greenish- 
gray shales, and shaly argillaceous limestones, containing Caryo- 
crinu8 omatus , Calymene Blumenbachii, Sphcerexochus mints , 
Platyceras Ntagareme , Pentamerus oHongus , Orthis hybrids 0 . 
elegantula, etc., associated with such Lower Helderberg forms as 
Pentameru8 galeatus , Spirifer per-la niello sus, S. macropleura, Me- 
rista Ice vis, PhynchoneUa ventricosus , and many others, showing 
that the fossils of these so called groups are here intermingled 
through the same strata, confirming what we had already assumed 
to be true in Illinois, that the Upper Silurian beds of the West con- 
stitute but a single group, and consequently that the term Lower 
Helderberg, as applied to a group distinct from the Niagara, is 
superfluous. We recollect that, on visiting the locality of these 
so called Lower Helderberg limestones in the Schoharie Valley 
some years ago, we observed these limestones resting immediately 
upon undisputed Lower Silurian beds there ; and, in explanation of 
their occurrence in this apparent abnormal position, we were told 
that the Niagara group was supposed to have thinned out to the 
eastward, and that these Lower Helderberg limestones took their 
place. But is it not quite as probable that there has only been a 
change in the lithological character of the beds in their eastern 
extension in New York, resulting there, as in Illinois, in a decided 
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change in the specific character of the fossils which they contain, 
and that the Upper Silurian beds at Schoharie are the exact 
equivalents of the Niagara shales and limestones in the western 
part of the State ? 

To recapitulate, then, the facts as they are presented in the West ; 
we find that the dolomites of Northern Illinois contain only Niag- 
ara fossils, and the silieious limestones of the southern portion of 
the State contain only those considered characteristic of the 
Lower Helderberg group ; while the beds in Tennessee, occupying 
the same stratigraphieal position with the dolomites and the sili- 
cious limestones ot Illinois, have Niagara and Lower Helderberg 
fossils intermingled indiscriminately through the strata. Hence 
we conclude that the so called Lower Helderberg group has no 
real existence as a distinct group of Upper Silurian strata, and that 
the name, being superfluous, should be dropped from the nomen- 
clature of the American rocks. 


8. The Distribution of Maritime Plants in North America 
A Proof of Oceanic Submergence in the Champlain 
Period. By C. H. Hitchcock, of Hanover, N. H. 

(Abstract.) 

American Botanists have frequently recorded the presence of 
maritime phenogamous plants in the interior of the continent, and 
have commented upon the singularity of the circumstance. For ex- 
ample, Prof. J. A. Paine, Jr., in the “Regent’s Report of the New 
York State Cabinet,” for 1865, enumerates Juncus Balticus among 
the plants of Genesee County, at a locality over three hundred feet 
above Lake Ontario, and twenty miles south of it, associated w’ith 
Zygadenus glaucus and Solidago Houghtonii , found only on the 
north shore of Lake Michigan. It is a seaside plant, native in 
Northern Europe and our own northern coast. w For its introduc- 
tion to the great lakes it is just as dependent on the ocean as are ' 
Ranunculus Cymbalaria , Atriplex hastata , Salicomia herbasea , Niu- 
jas major , Ruppia maritima , Trigoclin maritimum, Juncus bulbo- 
Scirpus maritimus, and Spar tin a strict a, for their existence at 
Onondaga Lake, and Lathyrus maritimus on the banks of Oneida 
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Lake.” He then conjectures that in some past geological period 
the land was submerged, and the ocean extended into the 
interior. 

In the “ Canadian Naturalist,” for May, 1867, A. T. Drummond, 
B.A., LL.B., sets forth similar facts, and mentions twenty species of 
maritime plants that have been found in the interior. He refers 
the origin of this distribution to the presence of salt water in the 
great lakes in the Post Pliocene or Champlain period, subsequent to 
the glacial drift. As the waters gradually became fresh, some of 
the species would be exterminated, and others become reconciled 
•to the changed conditions, and remain as monuments to this 
ancient oceanic prolongation into the interior of the continent 

With such conclusions all judicious reasoners must agree. I am 
not aware that any geologist has ever before touched upon this 
argument for submergence, and therefore am warranted in bring- 
ing a few facts and conclusions before the Geological Section. We 
have been accustomed to rely upon the presence of various marine 
animals and sea-weeds to show the former extent of the ocean, and, 
wherever these decisive evidences did not occur, have properly 
regarded ancient submergence as problematical, if not impossible. 

% If we accept as truth the statement that maritime plants depend 
upon the proximity of salt water for their introduction into any 
country, then we cannot resist the conclusion that the ocean for- 
merly penetrated the continent as far as Minnesota in the Cham- 
plain period. The submergence thus indicated was not of an 
earlier date, since the glacial cold must have destroyed all the 
temperate vegetation existing in the Pliocene period. 

The best geologists have hitherto been unwilling to admit a sub- 
mergence in the Champlain period greater than five hundred feet, 
and have fixed the inner oceanic limit near Lake Ontario, where 
the marine remains cease, and the w Erie clays ” and other alluvial 
deposits commence, containing only fresh water fossils. As Lake 
Superior is 638 feet above the ocean, and the maritime plants sur- 
round its shores, there is an argument for a submergence, at least 
to the depth of its surface, and probably to the height of its ter- 
races, so that we may add 330 feet to the altitude of the lake. 
This would give nearly one thousand feet, which corresponds well 
with the known height at which marine shells have been found 
in Arctic America; viz., one thousand feet on Cornwallis and 
Beechey Islands. 

I have made inquiries of many of our botanists for catalogues of 
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plants along the Great Lakes and the Hudson River Valley, and 
present the following summary of the results obtained. The gen- 
eral distribution of the species is first given according to Gray, N. 
signifying their occurrence north of New York. The Canadian 
species are given on the authority of Mr. Drummond ; Western 
New York, Prof. Paine; Lake Erie, Dr. T. C. Porter, of Easton, 
Pennsylvania, and Dr. J. S. Newberry; Lakes Michigan and Hu- 
ron, Prof. A. Winchell, of Ann Arbor, Mich., and Dr. I. A. Lap- 
ham, of Milwaukie, Wis. ; Lake Superior, after Porter, Drummond, 
and Winchell ; Minnesota, after Lapham ; Lake Champlain and 
Hudson River, on authority of C. H. Peck, of Albany, N. Y., and 
Miss Shattuck, of South Hadley, Mass. These gentlemen, and also 
Dr. R. H. Ward, of Troy, N. Y., have furnished, besides these lists, 
valuable suggestions in respect to the value of the inferences to be 
derived from the catalogues. The asterisk indicates the occur- 
rence of the species at the locality specified. 

There are seventy-nine species in this list. Of these, seven are 
noted as doubtful, since they may not be confined in their range to 
the seashore. The following may be legitimately added to the doubt- 
ful list : Zygadenus glaucus , Nutt.; Solidago Houghtonii , T. and G. ; 
and Corupermum hyssopifolium , L. These occur in the interior, and 
not on the coast. The last, with Naias major, are not on the Ameri- 
can, but flourish on the European coast Add, also, Lobelia Kalmii, 
L.; Rhyncospora capillacea , Torr. ; Scleria verticillata, Muhl. ; 
Scirpus pungens, V ahl. ; and -Polanisia graveolens, Raf., — which, 
upon a careful examination, may prove to belong to the maritime 
type : certainly, so far as known, their distribution corresponds 
with that of the seventy-nine in the table. 

Of this list, following “ Gray’s Manual of Botany,” twenty-two 
are found on the coast north of New York, six south of the same, 
thirty (including Juncus Vaseyi, on the authority of Dr. Por- 
ter) occur mostly south of New England, and twenty-two are 
found along the whole of our eastern shore. Thirty-three of them, 
or only ten less than the whole number occurring on the coast 
north of New York, are found in the interior, distributed as fol- 
lows : Lower St. Lawrence waters, five ; Lake Ontario, nine ; salt 
region of Western New York, seventeen; Lake Erie, seventeen ; 
Lake Huron, twelve ; Lake Michigan, fourteen ; Lake Superior, 
fifteen ; Minnesota, seven ; Hudson River, only one ; Lake Cham- 
plain, three ; and Hudson’s Bay, three. 

From molluscan remains it is proved that the Hudson and 
A. A. A. 8. VOL. XIX. 23 
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Champlain Valleys were covered by salt water in the period now 
under consideration. The proof of submergence, from the occur- 
rence of maritime plants, is very meagre, only four species appear- 
ing on the list. It is possible that future researches may add to 
the list, though not in large numbers, after the researches of Oakes, 
Tuckerman, Torrey, Zadock Thompson, and Peck. It may like- 
wise be observed that the Lower St. Lawrence furnishes fewer spe- 
cies than the borders of the Great Lakes. These deficiencies were 
so patent that Mr. Peck, in his reply to my inquiries, regarded “the 
connection between the maritime plants of the region of the Great 
Lakes with the Atlantic Ocean, by intermediate stations, as not well 
shown.” Is it not possible that these breaks in the connection are 
proofs of the correctness of our theory ? If the continued exist- 
ence of these plants about the lakes is due to the presence of large 
bodies of water, even in the absence of salt, then we should not 
expect to find them remaining along the narrow Champlain, nor 
the still narrower Hudson River, nor, to a large extent, the St. 
Lawrence. The conditions are not favorable to their preservation. 
Furthermore, if the species were equally distributed from the 
ocean into the interior, or especially if they became fewer in num- 
ber the farther they penetrated the continent, it might be said that 
they had migrated since the Champlain period, even to Minnesota. 
Hence what might appear destructive of our theory is, in reality, 
a strong argument in its favor. These considerations were forcibly 
set forth in a private communication from Dr. Ward. 

It might be said by some that the plants in the salt regions of 
Western New York existed there naturally on account of the 
presence of saline matters in the soil. This circumstance will not, 
however, explain their origin. During the glacial period all life 
was destroyed by the intense cold. Hence the salt-loving plants 
disappeared. With the return of the warm temperature the plants 
could not return by an overland emigration. They could return 
only by a gradual migration along a shore line, whether salt or 
fresh, unless it be supposed plants were created for this special 
locality. The latter supposition is untenable, since a special crea- 
tion is not required to explain the distribution of the other plants 
in the Northern States, and we cannot suppose there would be any 
difference in the manner of the introduction of the two classes. 
Once introduced, the salt-loving plants would find a congenial 
habitat, and would not disappear, even after the removal of the 
estuary. 
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There is hardly a possibility that the seeds of these plants could 
hare been preserved in the ground during the long ages of glacial 
cold, and revivified after the return of warmth. Besides, the gla- 
cier, in ploughing out the valleys, would have transported these 
seeds far to the south, and fresh debris from the north would have 
covered up the briny exudations. 

Botanists have described many maritime plants from the salt 
regions of the Rocky Mountains. These are the descendants of 
those which were introduced by oceanic migrations in cretaceous 
or tertiary times ; and, as the glacier never covered them, they 
have continued uninterruptedly to our times. 

The distribution of certain forms of animal life confirms our 
theory. As stated in the President’s address, a species of marine 
crustacean has been found recently by Dr. Wm. Stimpson, by 
dredging in the waters of Lake Michigan. Girard describes a fish 
from these northern lakes, Triglopsis Thompson^ all whose 
affinities are marine. Add to these the oft-quoted instance of 
marine insects found on Lake Superior by Dr. Leconte, and a 
parallel case of the discovery of two species of Mysis in Norwe- 
gian lakes. Also, according to F. W. Putnam, Director of the 
Peabody Museum, in Salem, Mass., the fishes found in Lakes 
Champlain and Erie are so much alike, though widely separated, 
that an ancient salt water connection is needed to explain their 
present isolation. 

In conclusion, the importance of observing and recording the 
localities of plants and animals may be clearly seen. Botanists, 
Zoologists, and Geologists have worked apart. They should do so 
no longer, since the distribution of living plants and animals may 
throw light on other geological speculations than the one herein 
set forth. 
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9. Lakes and Lake Regions. By S. J. Wallace, of Keokuk, 
Iowa. 


Lakes. 

Lakes are basins of limited area, filled with water which does 
not flow out as in a body. They have great variety of shapes. 
Their figures are usually formed by unions of curved lines, with 
some internal and some external projections, capes, and bays, and 
some angular points. 

Lakes fill depressions of surface, which are of four kinds: 
1st, Basins of Depression of Strata; 2d, Basins of Faults; 3d, 
Basins of Erosions; 4th, Basins of Clefts. These kinds have 
usual ranges of size in the order named, decreasing to the last. 

The sizes of lakes vary from the smallest permanent surface 
water to several hundred miles in extent. Bodies of water which 
are not permanent are ponds. And bodies which have no depth 
are swamps. 

Lakes have two characters : Fresh and Saline. Fresh lakes are 
those which have a permanent drainage from the edges of their 
rims at a certain height, by which their salts are carried off. Salt 
lakes have no drainage by which their salts are removed. The ah 
lakes are of two sorts : those connected on a level with the sea, 
and those separated. 

The term lakes , alone, usually conveys the idea of limited size 
and fresh water. Salt lake is a term for a saline body of limited 
size. The term sea usually conveys the idea of those of a larger 
size, and with salt water. The terms bay and loch relate to those 
connected with the sea. 

Lakes, with fresh water, are elevated to a greater or less extent 
above the sea to which they discharge. Their outlets must gradu- 
ally wear down with time. Old lake-beds, forming valleys drained 
by worn-down outlets, are very common features in physical geog- 
raphy. 


Lake Regions . 

There are various parts of the world where lakes are a common 
feature, and other parts where they are entirely absent There 
are also other regions where salt lakes are a feature of occur- 
rence. 

The regions of salt lakes or inland seas appear to be of a diy 
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character, where the amount of rain is too small to fill the basins, 
and wear down outlets. The regions of no lakes appear to 
be where all basins have worn out drainage ways, although they 
may still have special submerged tracks, sometimes, where no fall 
or elevation exists to enable the wearing down to take place for 
drainage. The regions of lakes are where lakes, although often 
greatly elevated, and having continuous overflows, have not worn 
their water-ways sufficiently for drainage. The exact relations 
between the regions of lakes and no lakes does not appear to be 
well determined. They do not appear to be dependent on any 
single character of physical structure; for their division lines 
sweep alike over plain and mountain regions, without regard to 
any single feature of geological formation. 

To enable the subject to be intelligently studied, the several 
regions of North America and Europe may be pointed out, as there 
are broad fields in each. 


In North America. 

The lake region of this continent covers the northern half of its 
surface, down to a varying line about 42° and 43° N, from the 
Atlantic to 100° W., at which point it sweeps northward into 
British America, and descends again west of the mountains to 
near the Columbia, including all northward, and excluding all 
southward of an almost definite line. • 

The no-lake region includes all the south half, east of the Rocky 
Mountains. West of this line, from the Columbia south to the 
Isthmus of Darien, is a region in which inland seas or salt lakes 
are found, along with, usually, no-lake features. 

North of the no-lake line from the Atlantic west, over Maine, 
New Brunswick, Canada East, Canada West, Northern New Eng- 
land, and New York, Wisconsin, Michigan, Northern Iowa, Minne- 
sota, and Winnepeg, lakes are spread broadcast, great and small, 
from the Superior down to an acre in extent. Good detail maps 
show them as a general feature everywhere ; although, of course, 
there must be spaces less marked than others, especially toward the 
south line. The one State of Minnesota is estimated, on good 
basis, to have ten thousand lakes ; and Maine and Canada are 
probably nearly as full. This region is remarkable for its general 
elevation. 

South of this line the presence of a fresh lake is a remarkable 
feature, although old lake-beds, with worn outlets, exist over this 
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region, especially in the Alleghany region ; and it maybe a general 
featnre, if it were noticed. 


In Europe. 

The lake region line is about ten degrees further north. It 
covers the north-west fourth of Europe, including Iceland, Ireland, 
Scotland, Germany, south to Central Prussia, Denmark, Norway, 
Sweden, Finland, and eastward into Russia to Moscow. The line 
nearly follows the 52° to 53° N., with a curve north to reach the 
40° E. toward the North Sea, and then north. The features in 
this area are similar to those of America ; perhaps fully as much 
marked with lakes and ocean inlets, which are often associated. 

There is another more limited lake region in the Alpine District, 
extending eastward over Switzerland, and on to the Danube in 
Hungary, from 6° to 18° E., and from near 45° to 48° N. 

The rest of Europe, about two-thirds of the whole, is a no-lake 
region, similar to the American. 

In the south-east corner of Europe, extending more widely into 
Asia, south and east, is the Sea or Salt Lake Region, also analogous 
to the American. 


Causes of Difference. 

The reason for the appearance of lakes in such geographical 
regions, and their absence beyond, is a subject requiring more full 
study. 

It is remarkable that the lake regions of both Europe and 
America occupy those portions of the continents most particularly 
supposed to have been subject to the glacial action; and also those 
where frost locks up action for a great period of the year. But 
the relation of these facts to the cause has not been yet clearly set 
forth. 

In a proper study of lakes, as related to their causes of appear- 
ance, the first thing, of course, is to determine the kind of basin,— 
whether of curvature, of fault, or erosion, etc. Then there is the 
further question of their age and proximate cause, — whether the 
basins are geologically old, or incidents of any comparatively 
modern cause. 

In regard to lake basins there are two points of inquiry : as to 
whether their closures are, 1st, primitive, or innate ; or are, 2d, 
proximate, as valleys closed by incidental causes, of which there 
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may be several, — as glacial action, subsequent eruptions, drift 
damming by drift-wood, action of beavers, irregular subsidence or 
elevation, etc. 


10. On the Evidence op a Glacial Epoch at the Equatob. 

By James Obton, of Poughkeepsie, N. Y. 

The Valley of the Amazon is highly interesting to the geologist, 
from its vast extent and its disputed origin. Probably no other 
region on the globe, of equal area, has such a remarkably uniform 
character. From the Andes to the Atlantic, and from the Falls of 
the Madeira to the Orinoco, scarcely any thing is visible but clays 
and sandstones.* Professor Agassiz was the first geologist of emi- 
nence to explore any considerable part of the formation. He 
ascended the river to Tabatinga (1,500 miles in a straight line) ; 
and he has well described the successive beds, of which he distin- 
guishes ten. The chief, in the order of superposition, are : coarse 
sand, laminated clays of divers colors, ferruginous sandstone, and 
an unstratified sandy clay. Of these, the argillaceous portion is 
the most important, as it is the most extensive, the sandstone 
being reduced to isolated hills by denudation. The clays gener- 
ally are very fine in texture, and without a pebble. They contain 
a large percentage of iron, but no trace of lime. There are, how- 
ever, calcareous concretions, nodular or stalactiform, strikingly 
similar to the marly concretions noticed by Darwin in the Pam- 
pean mud. The argillaceous deposits are more conspicuous on the 
Upper Aunazon, and the sandstones on the Lower. The whole 
formation dips gently to the east, and its total thickness is about 
eight hundred feet. 

Professor Agassiz considers the valley a cretaceous basin, filled 
with glacial drift ; in other words, that all these clays and sand- 
stones were deposited underneath a gigantic glacier, which de- 

* Professor Agassiz speaks of this clay formation as stretching over a surface 
of more than three thousand miles in length ; but he is evidently led astray by 
the length of the Amazon, with all its windings. The width of the continent at 
the equator is only 2,100 miles. 
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scended from the Andes, grinding into fine powder the materials 
between it and the solid rock, and leaving an immense moraine 
across the mouth of the valley. To this theory we make the fol- 
lowing objections : — 

1. The theory is short of positive proof where we need the most 
unquestionable evidence. The confession is made, that “ the direct 
traces of glaciers, as seen in other countries, are wanting in Bra- 
zil.” There is not a trace of furrows, striae, or polished surfaces.* 
The answer that the rocks are so friable, and disintegration in the 
tropics so rapid, as to render their discovery hopeless, is not entirely 
satisfactory. The granitoid rocks which border the valley, and 
the schists and porphyries on the slope of the Andes, ought to 
preserve some marks of the glaciation.f The pot-holes in the 
gneiss plains of Bahia, supposed by Hartt to have been formed by 
glacial cascades, are tt exceedingly well preserved, and have smooth 
sides ; ” while all the plo wings and planings of the gigantic glacier 
over the same rock have been utterly erased by disintegration! 
The stone structures of Brazil endure remarkably well, while 
the granite of Quebec exfoliates so rapidly in winter that oil 
is used to protect the buildings ; yet there is no lack of strise in 
Canada. 

Boulders occur only along the eastern region : none have been 
observed in the great interior basin. This is a strange inversion: 
if a continental glacier moved down the Andes to the Atlantic, we 
would naturally look for porphyritic boulders scattered over the 
valley, and dwindling in number and size as we near PariL We 
are suspicious, also, that these so called boulders have not travelled. 
The only genuine erratics seen by Professor Agassiz were found on 
the northern flank of Erer4 : all the others turn out to be u bould- 
ers of decomposition.” The boulders of Tijuca, in the Rio Prov- 
ince, described by Hartt, were not far-fetched : the majority are 
of gneiss on gneiss. Still they may have been the work of local 

* Professor Hartt likewise acknowledges : “ I have nowhere seen either pol- 
ished or striated rocks/' 

t The eminent explorer, Dr. Spruce, describes the Casiquiari Region as “ one 
great sheet of granite and gneiss. There is nowhere an y continuous range of 
mountains or plateau, and (except towards its borders) the granite has been en- 
tirely denuded of the stratified rocks that once overlay it, and is now either 
naked or else overspread in some places with a thin covering of white sand, and 
in others (chiefly flats, hollows, and rifts) with a thick deposit of the fertile 
* terra roxa,’ or red loam (decomposed gneiss, mica-schist, etc.), which 1 have 
supposed to be lacustrine, but Professor Agassiz says is glacial drift" 
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glaciers. The Erer£ erratics are homblendic and without scratches : 
the lack of striation, however, is no proof that they are not true 
boulders. 

To complete the glacial picture, it is asserted that a gigantic 
moraine stretched across the mouth of the valley, though, as Dr. 
Newberry says, “a moraine can hardly be formed by a glacier, 
except where there are cliffs and pinnacles along its course ; ” and 
as the absence of glacial inscriptions is attributed to disintegration, 
so it has been found convenient to say that this morainic wall must 
be looked for in the depths of the Atlantic.* It is worthy of re- 
mark, moreover, that fiords, which are conterminous with the drift 
of high latitudes, are absent from equatorial coasts. Thus we 
are called upon to believe in the existence of a tropical glacier, 
2,000 miles in length, moving “for hundreds of thousands of 
years” over the continent, upon evidence which is singularly 
defective. 

2. We object to the theory because the formation contains ter- 
tiary shells. Previous to the expedition of the writer across the 
continent in 1867, the vast clay beds along the Great River had 
not yielded a single fossil. In the words of Professor Agassiz, 
“tertiary deposits have never been observed in any part of the 
Amazonian basin.” And it was on this negative evidence mainly, 
that the distinguished naturalist hazarded the conjecture that the 
formation was drift. But the banks of the Upper Amazon prove 
to be highly fossiliferous. At the confluence of the Ambiyacu with 
the Marafion stands the village of Pebas, about two hundred miles 
west of Tabatinga, long. 72°. The site is a level tract about fifty 
feet above the river ; and the formation is wholly of those peculiar 
variegated clays, which we traced far up the Napo, and are continu- 
ous with the Tabatinga beds, and with those on the Lower Ama- 
zon, where they are overlaid by sandstone. Imbedded in these 
clays, several feet below the surface, and incontestably in situ , we 
discovered numerous small shells. They were examined by Mr. 
Gabb, of Philadelphia, who published f the following species : 
TurboniUa minu&cula, n. s. ; Neritina pupa, Linn. ; Mesalia Or- 

* It seems to us that, if “ the waters of the lake were suddenly released/’ 
they would have exerted the most denuding force near the outlet ; yet along the 
Lower Amazon we find vast remnants of the sandstone series, as those of Ererd, 
Obidos, and Almeyrim, while further west the waters seem to have made a clean 
•weep of it No table>topped hills like Almeyrim are seen west of Manaos. 

t Amer. Jour. Conch., toI. iv., p. 167. 
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toni, n. s. ; TeUina Amazonensis , n. s. ; Pachydon obliqua, n. b.; 
P. tenua , n. s. 

Before leaving Pebas, we engaged Mr. Hauxwell, the experi- 
enced English collector, residing at that place, to search for other 
localities. In February, 1870, he reported a large deposit on the 
south side of the Maranon, thirty miles below Pebas, at Pichaua, 
just west of Cochaquinas.* The shells were larger and more plen- 
tiful than at Pebas, but were found in the same layers of red and 
blue clays, from six to twenty feet beneath the soil. A collection 
(in quantity about half a bushel) was received in August, and sub- 
mitted to the eminent palaeontologist, T. A. Conrad, Esq. His 
paper, published in the “ American Journal of Conchology,” Oct. 
10, contained many additional species, and corrected some mistakes 
into which Mr. Gabb had fallen from lack of perfect specimens. 
The following is a complete list numbered in the order of abun- 
dance, No. 1 being the most numerous : t 


Gasteropods. Cokchipebs. 


6. Isaea (Mesalia) Ortoni, Gabb. 

12. “ lintea, Conrad. 

9. Lins laqueata, Conrad. 

8. Ebora crassilabra, Conrad. 

14. “ bella, Conrad. 

tf>. Hemisinus sulcatus, Conrad. 

13. Dyris gracilis, Conrad. 

4. Neritina Ortoni, Conrad. 

16. Bulimu8 linteus, Conrad. 


8. Pachydon tenuis, Gabb. 

2. “ carinatus, Conrad. 

1. “ obliquus, Gabb. 

6. “ erectus, Conrad. 

7. “ cuneatus, Conrad. 

11. “ ovatus, Conrad. 

10. “ altus, Conrad. 

17. And the fragments of a singular bi- 
valve, probably allied to Mulleria. 


The Neritina ^ which Gabb made identical with the living N. pupa, 
proves to be a new species. The Iscea Ortoni is accompanied by 
an immense number of small, delicate shells, which Conrad con* 
siders its young. He thinks the genus is related to Tricula. IA- 
ris and j Dyris probably belong to the Melaniidce ; and Ebora is 
presumed to be a fresh-water genus. Of Hemisinus and Bulimus, 
there was but one specimen each. Pachydon t is the most impor- 
tant genus, the collection furnishing seven distinct species. Conrad 
makes it one of the Corbttiidee, though its spiral beaks are in 

* Mr. Hauxwell writes that he has found similar shell-beds on the north side 
of the Maranon, about a mile inland, both east and west of Pebas, and also at 
Maucallacta. 

t The type series is now in the New York State Geological Cabinet 

J As this name is too near Pachyodon, Conrad suggests Anisothyris. It had 
an internal cartilage in a pit behind the tooth of the right valve, exactly as in 
Corbula ; and Meek is inclined to consider them identical. The only sheD 
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marked contrast with those of Corhula. Some of the species 
attained considerable size, particularly tenuis and erectus. A 
specimen of the latter before us measures two by two and a quar- 
ter inches, and is packed with clay crowded with P. obliquus. All 
the specimens are remarkably perfect, except Bvlimus and the 
unknown bivalve. The valves of the Pachydons are seldom sepa- 
rated, and scarcely ever broken, and none of the shells show the 
least abrasion. The Neritina, P. tenuis, and P. carinatus retain 
the epidermis, the first displaying various patterns of colored zigzag 
lines. Many species, as Iseea Untea , IAris laqueata, and Dyris gran 
cilia, are exceedingly delicate, yet perfect. But Agassiz says the 
Andean glacier must have plowed the valley bottom over and over 
again, grinding all the materials beneath it into a fine powder. 
How did these shells escape during “the kneading process the 
drift has undergone beneath the gigantic ice plow ” ? The suppo- 
sition that they may have been washed in from another locality 
most be rejected, for they are plainly in place, and none are water- 
worn. “ It seems clear,” says Conrad, “ that they were not trans- 
ported from a distance, but lived and died in the vicinity of the 
spot in which they are found.” The shells are filled with the same 
bluish or drab sandy clay, u holding minute scales of mica, and 
frequently ferruginous,” in which they occur. The Pachydons 
abound in the indurated and concretionary as well as soft parts of 
the formation. 

Here, then, we have a large collection of shells from localities 
thirty miles apart, exhibiting seventeen species, all extinct, belong- 
ing to nine genera, only three of which have living representatives. 
The beds, therefore, cannot be later than the Pliocene. There is 
not one strictly marine genus : Gabb’s Tellina turns out to be the 
young of P. tenuis. The deposit was probably of brackish-water 
origin. Only one specimen of the land-shell Bvlimus was found, 
and this was about the only one in the collection which appears to 
have 'suffered fracture before deposition. The fact that all the 
parts are so orderly laid down — lignite, clays, and sandstones — 
points to a quiet formation, and not to a tumultuous flood or debacle. 
Any subsequent oscillation must have been continental, for the 
beds are without a sign of being unequally tilted or dislocated. 

observed by Darwin, in the Pampean formation, was Azara labiata, D’Ors., one 
of the living Corbalidce. It has no spiral beak. Several species of Azara (Pa- 
tamomya ) live in the brackish parts of the Amazon. Corlndce. were abundant 
in the early tertiary. See Annals of Nat. Hist, for Jan. and Feb., 1871. 
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It is quite plain that the Drift Theory of this formation must be 
abandoned. But Professor Hartt, to whom science is indebted for 
many minute and careful observations on the eastern border of 
Brazil, has propounded a new version. He thinks that the clays 
and sandstone are very late tertiary and marine ; while the super- 
ficial, unstratified deposit, covering like a sheet the whole country, 
— plains, campos, and sierras, — is drift, the product of a general 
glacier* It is doubtful if even local glaciers, of any great extent, 
existed on the mountains of Minas when they stood at a higher 
altitude than at present, for the same reason that glaciers are now 
absent from the equatorial Andes. But, for arguments already 
given and to follow, we certainly cannot believe in the existence 
of a vast glacier stretching from the Andes to the Atlantic. 

3. We question the possibility of its formation. At the equator 
there is little variation of temperature. Para is noted for its equa- 
ble climate, varying little from 80°. At the Hacienda, on the 
slope of Antisana, 13,300 feet, the mean temperature in spring is 
42°, summer 38°, autumn 40°, winter 41°. The snow-line on the 
equatorial mountains is, therefore, stationary ; while the oscillation 
from summer heat to winter cold, in northern latitudes, gives rise 
to a variable snow-line. In the Alps, the variation from January 
to July is 34°. Now the snow-line at the equator remains through- 
out the year at 15,800 feet: at the latitude of New York it is only 
one half this. Therefore, to bring the snow-limit down to sea-level 
would require excessive cold.f But this more than polar reduc- 
tion of temperature, and the uniform climate, would destroy the 
conditions necessary for the manufacture of the glacier, which 
must be constantly fed ; and the supply depends on an abundant 
snow-fall, and this again on humidity. But an intense, unchang- 
ing winter would be a dry one. Besides, if a snow-field does not 
attain a temperature higher than zero, it can never become a gla- 
cier ; for the particles are as incoherent as sand4 

Moreover, if formed, we doubt its ability to move. The extra- 

* Rounded and angular quartz pebbles cemented with ferruginous loam an 
seen in the Pebas district 

t In Europe, the most southern glacier which comes down to the sea is on the 
coast of Norway, lat. 67°. 

t According to Hopkins, if blocks on the Jura were transported from the 
Alps by the agency of ice, the Alps must have been at least 6,000 feet higher 
than at present. But the lower the latitude, the higher the elevation needed* 
Who will estimate the altitude necessary to send an Andean glacier to the 
Atlantic ? 
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ordinary, unbroken winter would prevent all movement ; for this 
depends on repeated accumulations of snow and ice at the high 
sources, and on a change of seasons. All theories of glacier move- 
ment are based on the periodical partial liquefaction of the sur- 
face. The Alpine glaciers move twice as rapidly in summer as 
in winter. Then, too, the slope is insufficient. Forbes says a 
glacier must have an angle of 3° or 4°. * But between Pebas and 
Pard, a distance of 1,600 miles, the slope is only 8' 5", or about two 
and a half inches per mile ; and from the tip-top of the Andes to 
the Atlantic, the inclination is 6' 30". We conclude, therefore, 
that if a sheet of ice ever spread from Cotopaxi to the mouth of 
the Amazon, it remained there, immovable as the mountains. 

But difficulties lie back of this. As the length of a glacier 
depends greatly upon the speed with which it travels, it will be 
short in proportion as the angle of the slope is diminished. And, 
further, suppose the ice sheet formed and moving, what would be 
its flow? Even if its rate equalled that of the Mer de Glace, a 
boulder from the Andes would be over 20,000 years in reaching 
the Atlantic. But when we consider its feeble slope, and its retar- 
dation by the constant trade-winds, we may wonder if it ever 
completed its journey. Yet this Agassiz glacier is represented 
as doing a greater amount of work than the high latitude glaciers, 
grinding up and covering the vast basin with 800 feet of detritus, 
“ the most colossal drift formation known.” And again, all the 
slope of any consequence lies between the axis of the Andes' and 
Pebas, a distance of 450 miles. In this abrupt descent (thirty-five 
feet per mile), it must receive momentum to carry it over an almost 
level plain of 1,600 miles. Why did it not plow up the silt, 
creating linear lakes like Como and Maggiore, which radiate at 
right angles to the strike of the Alps? Yet there is no appear- 
ance of excavation. The lagunes of the Napo are shallow 
ponds. 

4. The existence of such a continental glacier at the equator 
would profoundly affect the life-history of the globe. As New- 
berry says, w Nearly all the fossil plants and molluscs of the strata 
deposited immediately anterior to the glacial epoch are undistin- 
guishable from species now living in the same region.” f If a 

* The average slope of Mer de Glace is 14° ; that of the Greenland glacier, 
11 °. 

f In the opinion of De Candolle, subscribed to by Gray as likely, the greater 
part of the existing species of plants are older than the present configuration of 
our continent. 
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mantle of ice ever covered Amazonia, undoubtedly it had lateral 
branches descending the valleys of the Orinoco and Paraguay: 
there is a close similarity of the formation in these valleys to the 
Amazonian clay, which has resulted, we think, from a contempo- 
raneousness, if not identity, of origin ; and so low is the watershed, 
especially on the north, that the two river systems are joined by 
natural canals.* The glaciation of the whole earth at the same 
time is absurd, on biological and hydrological grounds ; ifj there- 
fore, an equatorial ice-period occurred before or after the ice-period 
of the high latitudes, we must imagine the temperate regions con- 
verted by a change of climate into a conservatory for the rich and 
peculiar life in the tropics, which is an unwarrantable assumption. 
Polar types are now living in the intertropical oceanic area ; so 
that their occurrence in any marine deposit is no evidence per se 
of the general extension of glacial action into tropical regions. 
And we may add that the almost total absence of typical North 
American plants in the highlands of the West Indies, and on the 
Andes of the equator, does not favor the theory of a glacial 
migration. 

No continent has such a simple geological structure as South 
America. The monotony of its vast expanses is in strong contrast 
with the complexity of Europe. Witness the unparalleled extension 
of gneissic rocks from the Orinoco to Paraguay ; the long, compact 
range of the Andes, so eminently porphyritic ; and the extraordi- 
nary continuity and uniformity of the Llanos, Amazon, and Pampa 
deposits of ochraceous sandy clay. Yet we have much to learn 
before it will be wise to speculate on the geological history of 
South America. Darwin and Hopkins have given us sections 
across the Cordilleras ; and it is much to be regretted that Profes- 
sor Hartt has failed to give us a physical map, with geological 
sections and reliable altitudes. We need a careful section from 
Rio to Pard, and another from Mandos to the mouth of the 
Orinoco. Barometrical measurements are indispensable; but, so 
far as we know, the only consecutive observations with a mercurial 
barometer across the continent are those made by the writer in 
1867.f 

It is probably safe to say this much : that South America began 

* The Casiquiari is only four hundred feet above the sea, or about two hundred 
above the centre of the Amazon basin. 

t Published in Am. Jour, of Science, Sept, 1868. 
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with the table-lands of Guiana and Brazil ; * that the subsequent 
upheaval of the Andes left estuary friths now marked by the three 
river systems ; t that the Andes did not reach their present alti- 
tude until after the deposition of the Amazon formation, though it 
was a slow movement in mass, for the beds are nowhere unequally 
tilted or dislocated ; t that the archipelago on the north was for- 
merly united to the southern continent, and that it has since been 
an area of subsidence ; § and that simultaneously with this subsi- 
dence was created the low watershed which now separates the 
Amazon and Caribbean waters. 

. * Bates has shown that the geographical distribution of insects indicates that 

Guiana was formerly an island. 

t The sediments from these straits near the ocean would have a purely marine 
character ; and Hartt observes that the days and sandstones on the coast tie in 
with those of the Amazon. 

% This certainly follows, if the Pebas and Pichaua shells prove to be early ter- 
tiary.' The clay beds ascend the eastern slope beyond the village of Napo, which 
stands 1,400 feet above ParA, and in long. 77°. The red day was not prominent 
on the Bio Napo till we reached long. 74°, and altitude of 660 feet, where there 
is a very high bank called Puca-urcu, or monte Colorado , containing lignite, — tma 
mina de carbon do piedra, says Villavicendo. This interstratifled lignite is trace- 
able eastward as far as Tabatmgfo Darwin says that the Pampean formation 
was accompanied by an elevatory movement 

§ This is suggested by the South American character of the West Indian 
mammali and mollusks. There are palaeontological reasons for believing (Pro- 
ceedings of the Academy of Natural Sdence, Phila., 1868, p. 318) that the Carib- 
bean continent was not submerged before the close of the Post Pliocene. 
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II. ZOOLOGY. 

1. On the Homologies of some of the Cranial Bones op 

THE RePTILIA, AND ON THE SYSTEMATIC ARRANGEMENT OF 

the Class. By Edward D. Cope, of Philadelphia, Penn. 

The great group of Reptilia may be considered as well circum- 
• scribed by the characters presented by their skeletal strutcore. 
They may be defined as vertebrates, with mandibular arch sus- 
pended from the cranium by the intervention ot an os quadratum, 
or extra-auricular malleus ; with the basis of the cranium formed of 
the cartilage bones, basisphenoid, sphenoid, and usually presphe-* 
noid ; with a coracoid bone ; and with metatarsals, metacarpals, 
second row (and usually first -row) of tarsal and carpal bones dis- 
tinct, and not coosified. 

Within these limits there exists perhaps a greater variety of 
structure, in other respects, than in any other vertebrate elm 
The homologizing of the elements which present this variety is 
therefore a point not attainable without much study, while the 
homologizing of the same with their representatives in other 
classes is still more difficult. In the present essay a few points of 
this nature are, it is hoped, elucidated, especially with reference to 
the structures of the crania in the orders Ichthyopterygia and 
Anomodontia. Finally, the bearing of these and other points on 
the systematic arrangement of the class. are alluded to. 

1. Homologies and Composition of the Cranial Arches, 

The bony arches which connect the facial part of the cranium 
with the posterior part of the brain-case, in nearly all Vertebrates, 
are primarily only two in number ; viz., the zygomatic and the 
quadratojugal. They, however, form connections with each other 
and adjoining portions of the cranium, so as to complicate their 
determination, which is increased when one or other of their usual 
connections is, under these circumstances, atrophied or omitted. 

The zygomatic arch takes its name from the only one which is 
present in the Mammalia ; and that arch which is homologous with 
it throughout lower vertebrata must retain the name. It is then 
the arch connecting the maxillary with the squamosal (or squamo- 
sal part of the temporal) bone, and is therefore composed in large 
part of the malar. 
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The quadratojtigal arch, as its name implies, is that which con- 
nects the maxillary with the quadrate bone. As the quadrate 
bone only exists as the malleus within the ear-chamber in the 
Mammalia, it is obvious that it cannot exist in that class. It can 
only be found in the vertebrata, from and including the birds ? 
downwards. As the quadratum is projected below the squamosal, 
the position of this arch is always inferior to that of the zygo- 
matic. It is composed normally of the malar (or jugal) and quad- 
ratojugal. 

A third arch, which is especially characteristic of the Reptilia, 
connects the parietal bone with the superior extremity of the quad- 
rate. The connection is accomplished by the intervention of the 
opisthotic or squamosal, or both. 

The character of the arches existing in the different types of the 
vertebrata, above the Dipnoi, may be expressed schematically by 
the following table : — 

L Neither zygomatic nor quadratojugal arches, 
a. Without parieto-quadrate arch. 

Batrachia Urodela except Pleurodelid© ; Ophidia. 

Lacertilia Ophiosauri and Typhlophthalmi. 

Testudinata Chelydidse. 

Mammalia Edentata (part). 
a a. With parieto-quadrate arch. 

Lacertilia Nyctisaura. 

Testudinata ( Hydromedusa Platemys Rhinemys). 

IL Quadratojugal only. ^ 

a. Without parieto-quadrBe arch. * 

p. With quadratojugal bone. 

Aves. 

P p. Without quadratojugal bone. 

Batrachia Anura in general. 

TTP Quadratojugal and zygomatic arches present. 

1. No postorbital arch. 

Batrachia Anura (Discoglossus). 

2. A postorbital arch. 

a. Without postorbital bone. 

Crocodilia. 

a a. With postorbital bone. 

Batrachia Stegocephali (Apateon). 

Ichthyopterygia. 

Rhynchocephalia (Sphenodon). 

1 Sauropterygia. 

Omithosauria. 

IV. Zygomatic arch only. 

1. With postorbital arch, 
a. With postorbital bone. 
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* Malar portion of zygomatic arch absent. 

Lacertiiia Varanide.' 

** Malar portion present. 

Lacertiiia in general. 

Anomodontia. 

Sauropterygia (? all). 

Testudinata in general.* 

a a. Without postorbital bone. 

* Malar portion wanting. 

Batrachia Urodela Pleurodelid®. 

Pythonomorpha. 

** Malar portion present. 

Batrachia Gymnophiona. 

Mammalia Quadrumana, Artiodactyla, Perissodactyla (part). 

2. Without postorbital arch. 

Mammalia Carnivora Proboscidia Perissodactyla (part), Cetacea, Rodentia, 
Edentata (part), Monotremata. 

From the above table, it will be observed that each class, and 
sometimes single orders, present many or several of the vari- 
ous types of structure of the arches. These arches are more or 
less protective or fixative in their use ; that is, they protect the 
orbit, the temporal muscle, or the oral cavity, or fix the quadrate 
and prevent its motion. As adaptive characters, they are thus 
those which define very subordinate representatives of all the 
orders. 

From want of analysis, the proper determination of the arches 
has not always been made, and the identification of the component 
and adjacent bones vitiated. This is v no doubt owing to the feet, 
that in many Reptilia, where the orbits are large, and the temporal 
fossa small, — e. </., Ichthyopterygia, Crocodilia, etc., — the zygo- 
matic arch makes a strong sigmoid flexure, leaving the quadrato- 
jugal to take the more direct course to its terminus. Thus Owen 
(Palaeontology) homologizes the quadratojugal arch of Ichthyo- 
saurus with the zygomatic of Mammals, and the true zygomatic 
with the temporal fascia of the same. In the same way (l. ^ P* 
210), he homologizes the quadratojugal arch of Nothosaurus with 
the zygomatic, thus : “ The lower one (i. e n arch) is formed by the 
malar (27) and squamosal (28), the latter answering to the true 
zygomatic arch in Mammals.” The figures obviously refer, in the 
cut, to the malar and quadratojugal bones; while the “mastoid” 

* The postorbital is prolonged so far downwards in Chelone and Cheljdn, •* 
to look like a quadratojugal. 
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* 

in this, as in other determinations of the same author, is the squa- 
mosal.* 

In the same way Gunther, in describing Sphenodon (Philos. 
Trans^ 1867 J, calls the quadratojugal arch the zygomatic, and the 
zygomatic the “ temporal arch,” employing a new name to desig- 
nate it. Stannius (Zootomie der Amphibien) appears to have cor- 
rectly identified the zygomatic arch in Lacertilia, but erroneously 
in the Crocodilia. 

Before proceeding to determine more exactly the homologies of 
the posterior cranial bones, I will describe the cranial structures of 
Ichthyosaurus and Lystrosaurus, as our literature appears as yet to 
be deficient in these points. 

2. On the Cranium of the IcfUhyopterygia. 

Commencing with the foramen magnum and occipital condyle, 
as fixed points, the connections of the bones, as they succeed each 
other forwards, may be safely considered. 

All four of the occipital elements contribute to the margin of 
the foramen magnum, the supraoccipital not being excluded as in 
Crocodilia, Anomodontia, etc. The external or lateral margin of 
both exocdpitals and basioccipital are excavated by a large foramen. 
The continuous margin of both between these points is united to 
a bone which extends outwards and upwards, and which con- 
tributes by its superior and inferior margins to the outlines of the 
foramina just mentioned. Exterior to these, from the basioccipi- 
tal to near the apex of the supraoccipital, there are no bones 
suturally united, and there is a vacuity in this position not seen in 
any other Reptilian cranium. 

From the exterior margin of the inferior foramen, a subcylindric 
bone extends outwards. It is contracted medially, and is not in 
sutural connection with any other. Immediately exterior to it is a 
flat subvertical bone, which, as it bears the articular condyle for 
the mandible on its lower extremity, is no doubt the quadrate. 
That it is such is also proven by the fact that it is anteriorly con- 
nected to the malar bone by a quadratojugal. 

If we now turn to the lateral view of the skull, we observe the 
zygomatic arch, as determined above ; i. the superior of the two 
extending from the malar, and that which supports the postorbital 
arch. The bone which forms its posterior half must be the squa- 

* This description, by the way, differs from Yon Meyer’s figures of Nothosau- 
rus, where but one arch is represented. 
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mosal, not only on this account, but because, as in other Reptilia, 
it is articulated with the summit of the quadrate. 

Turning again to the posterior face of the cranium, we may be 
in a position to determine the two bones described above as lying 
outside of the occipitals, and between them and the quadrate and 
the squamosals. The superior (Op. O, fig. 2) occupies the position 
of the “ external occipital ” of Cuvier, in the tortoise, both by its 
articulation with the exoccipital (Ex. O) and its direction towards 
the squamosal (Sq). Its separation from the supraoccipital, and 
contact with the basioccipital, are against this determination, yet 


Fig. 1.* 



the weight of these arguments is much less than that of those for 
it ; and therefore I suppose it to represent that bone, which is the 
opisthotic of modern nomenclature. 

The large foramen below the last, and exterior to the basi- 
occipital, is in the position of the opening of the internal ear in 
the Lacertilia, as regards its relation to the latter bone, the opis- 
thotic being separated from it by the extension outwards of the 
exoccipital. Its relation to fhe opisthotic is the same as that in the 
Cheloniidee, where it is separated from the basioccipital by an in- 
ferior process of the exoccipital. It is probably the fenestra ovale ; 
and, if so, the. second bone in question (stap) becomes the stapes. 

It is a question, however, to what extent this element is really 

* Fig. 1. — Ichthyosaurus ; lateral view (torn specimen from Barrow, Leicet* 


tershire). 

Pmx. . Premaxillary bone. , 
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. Quadratojugal. 
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. Subarticular. 
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Pter. . 

. Pterygoid. 
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stapes. In existing reptiles, it is only proximally expanded, and 
distally a slender rod terminating in the cartilaginous expansions 
called by Huxley * suprastapgdial and extrastapedial ; the latter 
being, as the same Author shows, the support of the stylohyoid and 
other elements of the hyoidean arch, and with the suprastapedial 
the homologue of the incus. The expanded distal end of the bone 
marked slop, in Ichthyosaurus, looks as though it were the homo- 
logue of the cartilaginous expansions mentioned, in which case that 
bone becomes stapes and incus combined. This seems to us very 
probable.f 

As a whole, this bone is in that case homologous with the hyo- 
mandibular of the Sharks and Teleostei. This has been pointed out 
by Huxley on embryological grounds to be the case with the incus. 
If the element (stap) in Ichthyosaurus represent both stapes and 
incus, the same is probably true of the hyomandibular. 

Turning again to the squamosal, we find it appears to possess an 
extraordinary development. Besides forming the posterior portion 
of the zygomatic arch, as in other vertebrata, and forming part of 
the combination which supports the quadrate, as in Reptiles and 
Batrachia generally, it sends down 
behind the quadrate a plate for 
more than one-third the length of 
the latter to the superior margin 
of the stapes. Instead of joining 
the parietal or opisthotic at its pos- 
terior margin, it is continued in- 
wards to near the apex of the 
supraoccipital, and bending for- 
wards continues, in company with 
its fellow of the opposite side on 
the inner face of the temporal fossa, to a point above the middle of 
the orbit, where it unites suturally with what may be called the part 

* In a most valuable essay on “ The Representatives of the Malleus and the 
Incus of the Mammalia” (Proceed. Zool. Soc., 1869, p. 891). 

t In the serpent Xenopeltis unicolor , a superior process of the stapes (suprasta- 
pedial) is ossified, and a separate element at the end of the bone (extrastapedial 
v. stylobyal?) is also ossified. (See fig. 2.) 

| Fig. 2. — Ichthyosaurus ; cranium ; posterior view. Lettering the same as 
in fig. 1, with the following additions : — 

B. O. . . Basiocdpital. Op. O. . Opisthotic. 

Ex. O. . Ejpccipital. Stap. . . Suprastapedial, or hyomandibu- 

Sup. O. Supraoccipital. lar. 
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etal. (See figs. 2, 3, Sq.) Though it cannot yet be asserted that 
this is one primary element, yet in the adult Ichthyosaurus there is 



Cranium of Ichthyosaurus without arches. 

Col, Columella. Pt, Pterygoid. 

(The anterior extremity of the sphenoid is imperfect.) 
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no line of division to be discovered.* It will be seen later that the 
same structure exists in the Anomodontia and Sphenodon. It is 
not impossible that its anterior portion will be found to represent 
the element in Teleostei, called by Huxley, perhaps by error, 
Squamosal. 

Returning to the external arches, we find the zygomatic is par- 
tially vertical, owing to the large size of the orbit and the shortness 
of the posterior region of the cranium, and that it is extended by 
a supernumerary bone not found in the Mammalia, for which I 
adopt the name given by Owen in this genus, of postorbital. (Figs. 
2, 4, 13, Pob.) It is the temporal of the Testudinata of Cuvier, 
and one of the postfrontals of the Lacertilia of the same author. 
It is most erroneously called quadratojugal by Stannius, and by 
Gunther, who follows him, in Sphenodon. 

Anteriorly it articulates with the malar, here a long slender bone 
on account of the size of the orbit, and which, as usual, articulates 
anteriorly with the maxillary. Posteriorly the extent of the post- 
orbital separates it from the squamosal, as is the case with some 
Lacertilia ; while a short quadratojugal connects it with the quad- 
ratum, precisely as in the Crocodilia. This latter bone is the squa- 
mosal of Owen, who, on account of this erroneous determination, 
was compelled to apply a new name to the true squamosal, calling 
it “ supratemporal.” (See Palaeontology, p. 198.) 

Posterior to the postfrontal and postorbital, is an ovate bone 
connecting them with the squamosal. This is also peculiar to this 
order, and is the supersquamosal of Owen. 

The postorbital arch is quite horizontal, and is composed of the 
postfrontal exclusively. 

Turning to the superior aspect of the cranium, if we assume 
that the two posterior elements bounding the temporal fossae are 
continuous with the squamosal, as has been above shown, there is 
no difficulty in determining the elements in front of them. Thus 
the undivided bone with large fontanelle near the posterior margin, 
bounding the squamosals anteriorly, would be the parietal. The 
posterior half of each of these bones is concealed by the anterior 
portion of the laminar squamosal as in Sphenodon : they descend 
beneath the latter to a point a little before the line of the middle 
of the temporal fossa. It scarcely touches its fellow on the median 
line behind the fontanelle. The general shape of the bone is 

* I have since found a suture in two of our Ichthyosaurus crania, and Dr. 
Seeley states that that is the normal structure. 

A. A. A. S. VOL. XIX. 26 
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square. Each half is united to the bone behind it, except at the 
median suture, by a double squamosal suture, the squamosal bone 
sending a plate below as well as above it. Medially the suture is 
single and serrate. Suspecting that the bone here determined to 
be parietal might possibly be frontal, I searched for a bone posterior 
to it, beneath the prolongation of the squamosal, but without suc- 
cess. That the squamosal should contribute to the brain-case is 
apparently anomalous among Reptiles, though not among warm- 
blooded Vertebrates; but if we suppose the anterior plate to be 
the epiotic the difficulty is much lessened. 

It might be objected that the position of the fontanelle was 
rather in favor of the determination of this bone as frontal, since it 
is, as in the Lacertilia, pierced in its posterior margin, and there- 
fore probably, as in that order, included between the frontal and 
parietal. But in reply it may be asserted that the position of the 
fontanelle in the two orders most nearly allied to the Ichthyop- 
terygia — i. €., the Anomodontia and Rhynchocephalia — justifies 
the interpretation I have placed on this bone. Thus, in the former, 
it is pierced in the middle of the parietal with a suture extending 
from it to the occipital suture. In the latter it lies near the poste- 
rior margin of the parietal, so far as visible ; for the latter bone is 
doubtless overlaid by the squamosals, as in Ichthyosaurus. Gun- 
ther is probably correct in describing this median bone as parietal 
in Sphenodon. 

The long paired bones, immediately anterior, which extend to 
near the middle of the muzzle, are the frontals. They extend to 
the premaxillaries, a junction only found in Reptiles with posterior 
nostrils, as Pythonomorpha, Varanidae, etc., but common among 
Fishes. In Sphenodon the frontals are unusually produced in 
front. 

Articulating with them on each side, and bounding the anterior 
and post and superior margins of the orbit, are the pre and post- 
frontals in their usual positions. The former almost excludes 
the latter from contact with the frontals, and leaves its connection 
with the parietal more extensive. Anterior to the frontals comes 
the elongate premaxillary. This of course bounds the nares in 
front ; and as the latter are far removed posteriorly, in this order of 
Reptiles, the nasal bones have a posterior position also. The latter 
are much reduced in size, and have a very short suture with the 
frontals, being more extensively united with the lachrymal. They 
are entirely separated from each other by the anterior prolongation 
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of the frontal, and are chiefly to be recognized by their position 
as roofing the nares posteriorly, and their connection with the 
frontal. In one of our crania I observe that they are absent. 

The maxillary is much reduced, in connection with this position 
of the nares. It is separated from union with the prefrontal by 
the large lachrymal, which extends to both the frontal and the 
premaxillary. 

Such a determination of the bones of the roof of the cranium 
differs materially from that of Cuvier and Owen. The former 
(Ossemens Fossiles, Tab. 257, figs. 1-5, and p. 103, V, 2 plates) 
laid a wrong basis by assuming the bones (figs. 2, 3, Sq) to be the 
parietals : the parietals become then frontals, and the frontals are 
called nasals, the true nasals being entirely overlooked. Owen 
(Palaeontology and Comp. Anat. Vertebrates) follows Cuvier in 
these points. Gunther falls into error as regards the squamosal 
branches in Sphenodon, uniting them with the true parietal as 
parietals. The frontals he names correctly. The parietal in Sphe- 
nodon is shown by Gunther’s figure to be a simple medial element, 
as in Ichthyosaurus. 

Having, however, observed a suture separating the squamosal 
from its supposed anterior plate in one young and one adult Ich- 
thyosaurus cranium, it has occurred to me that possibly the speci- 
men here described may have a coalescence of two elements really 
distinct. In that case the anterior bone "will not be homologous 
with that in same position in Lystrosaurus, but may be, as usually 
stated, the parietal. The other bones in front of them would then 
retain their usual names, the supposed nasals (w) remaining with- 
out determination. 

Turning to the base of the cranium of Ichthyosaurus, we observe 
that the palatines and ectopterygoids are broad, flat bones, whose 
exterior margin is in contact with the maxillary and malar to 
opposite the posterior margin of the orbit, flooring the latter (fig. 
3, Ectp). The pterygoids, on the other hand, contract abruptly 
behind this point, and support the columella. They then expand 
to a degree unusual in the Reptilia, and extend over the whole 
space between the basioccipital and the quadrate, joining both 
closely, and projecting behind their posterior plane. Its margin is 
recurved, as far as the stapes (Pt, figs. 1, 2, 3). 

The columella is very stout at its point of contact with the 
pterygoid, and above it; but higher it contracts much, and then 
expands anteriorly into the parietal branch of the ? squamosal with 


Digitized by 


Google 



204 


B. NATURAL HISTORY. 


which it seems to be continuous, as I cannot see any suture sepa- 
rating them. 

The basis cranii is incomplete, and is formed of basioccipital 
and basisphenoid. The latter (Cuvier, Oss. Foss., Tab. 257, figs. 
12, 13) supports an alisphenoid on each side. 

In considering the affinities of Ichthyosaurus as exhibited by the 
cranium, it may be premised that the structure of the limbs sepa- 
rates it as a very distinct order among Reptilia. The peculiar 
disposition of the squamosal is only paralleled among Anomodontia 
and Rhynehocephalia, and the character of the columella resem- 
bles only that of the former in its connections. The occipital 
elements have more the disposition of those of Sphenodon than of 
any other type, but there is a great difference in the position of 
the opisthotic. The arches are also those of the same genus, ex- 
cept that in the latter the quadratojugal is obsolete, or coossified 
with the malar. The structure of the front and base of the skull, 
and of the mandible, in Sphenodon, have no resemblance to those 
of Ichthyosaurus. The anteriorly unossified brain-case is that of 
several other Reptilian groups, while the presence of the alisphe- 
noid furnishes a point of resemblance to the Crocodilia. 

In general there are few points of affinity to the Crocodilia. The 
characters of the parietal bone are those of Sphenodon. The ver- 
tebrae are intermediate between those of that genus and the Lacer- 
tilia, and those of the Anomodontia ; for the capitular and tubercu- 
lar processes are confluent on the former, and widely separated in 
the latter, the tubercular being elevated to the neural arch. In the 
Ichthyopterygia they are separated, but both are on the centrum. 

Thus the Reptilian affinities are divided between the Anomo- 
dontia and Rhynehocephalia, and are not very close to either. 
They are much less with the Lacertilia, and still less with the Tes- 
tudinata and Crocodilia. 

There are some extra-reptilian indications worth observing. The 
most important of these is the great extent of the pterygoids back- 
wards and inwards, paralleling only in this some Batrachia, e.g n 
Rana (fig. 21, Pt). The large size and form of the stapes are 
similar to that seen in Coecilia. The posterior development of the 
squamosal is alluded to later, in the discussion of the homologies 
of that bone. 
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3. On the Cranium of the Anomodontia . 

The bones of the superior and palatal surfaces of the cranium 
of the genus Dicynodon have been described by Owen ; and the 
structure of the internal walls of the palatal and nasal cavities, 
with the occipital and mandibular bones, have been described by 
Huxley, from the Ptychognathus murrayi. The relations of the 
elements of the lateral walls of the brain-case, and the attachment 
of the os quadratum, have, so far as I am aware, never been made 
out. As these points are of the first importance in determining 
the affinities of the Anomodontia, I take the favorable opportunity 
for elucidating them, furnished by the very complete cranium of 
the Lystrosaurus frontosus, Cope, kindly placed at my disposal by 
Dr. E. R. Beadle.* 

The maxillaries articulate posteriorly and externally with the 
ectopterygoid bone. This is vertico-oblique in position, its depth 
twice as great as its length. The pterygoid, which articulates with 
it posteriorly, is seen laterally, a flat hour-glass shaped bone, the 
anterior extremity embracing the ectopterygoid by a superior and 
an inferior process, whose articular faces are at right angles with 
each other. The contracted portion presents a longitudinal exter- 
nal angle, which disappears on the posterior part of the maxillary. 
At this point the pterygoid is arched upwards and inwards : it is 
then deflected outwardly and downwards to the extremity of the 
quadratum. 

The relations of the pterygoid to the bones forming the ante- 
rior walls of the brain-case are of much interest, and throw great 
light on the vexed question of the homologies of the columella of 
the Lacertilian and Rhynchocephalian Reptiles. The adjacent 
bones may be first described. 

The presphenoid is a flat lamina with arched superior margin, 
resembling that of the Crocodilia. It extends forwards in this 
species to the line of the frontal tuberosity. The inward and up- 
ward expansion of the pterygoid behind its median contraction, 
already described, appears to be in contact with the inferior margin 
of the presphenoid. It is not likely that this expansion belongs to 
the presphenoid, though it is difficult to perceive the suture. 
The expansion is subvertical. Posteriorly it expands backwards 
and outwards, forming the fundus of a deep subvertical groove, 
and unites suturally with the antero-interior margin of a bone, 

* For description of this species, see Proceed. Am. Philos. Soc., 1870, p. 419. 
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Fig. 4. 




Figs. 4 and 5. — Lystrosaurus frontosus (from Cape Colony) ; profiles. ( %• 
6 diagram with arches removed.) Lettering as in figs. 1 and 2, with the follow- 


ing additions : — 

Etvom. . Ethmovomerine. 
Sph. . . . Sphenoid. 

Pro. . . . Prootic. 

Pter Pterygoid. 


Col Columella. 

Ectp. . . . Ectopterygoid- 
Subart. . Subarticiil&r. 
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which I suppose to be the prootic. From the anterior and more 
horizontal portion of the pterygoid expansion, a thin laminar bone 
rises, which presents an angle outwardly. Superiorly and inwardly 
it appears to be continuous with a slender prolongation of the 
anterior angle of the parietal plate already mentioned. Not 
suspecting its existence, I destroyed a portion of this rod, in re- 
moving the matrix ; but a piece from a point intermediate between 
the parietal and pterygoid extremities remains attached to the 
specimen in place. This element is, no doubt, the columella, 
whose existence in this group of Reptilia has not heretofore been 
suspected. It encloses a narrow vertical antero-posterior foramen 
with the presphenoid. 

Two openings into the brain-case are visible : that between the 
parietal plates, common to most Reptilia, and the foramen, trans- 
mitting the fifth cranial nerve, the combined foramina ovale and 
rotUndum. Another foramen is enclosed between the pterygoid 
and the element which bounds the prootic in front and below. A 
narrow bone with rounded edge extends from the superior origin of 
the columella, downwards and outwards to the prootic, bounding 
the foramen ovale above. It resembles the rod-like projection of 
the columella of Testudinata (see fig. 5), but that is below, not 
above, the foramen. 

The exact composition of the suspensoria of the os quadratum 
is a little difficult to determine, owing to the obscurity of the 
sutures. The posterior parietal arches (fig. 7, Pa) are narrow and 
short, the posterior boundaries of the temporal fossa being chiefly 
formed by the squamosals. The latter commence on each side of 
the parietals, a little behind the anterior extremity, and form the 
overhanging margin of the temporal fossa, inwardly as well as 
posteriorly. The posterior plate of the parietal on each side is 
proximally enclosed between the squamosal and supraoccipital, 
then between the former and a thin laminifonn bone, which 
extends laterally from the supraoccipital, and above the exoccipi- 
tal. It is in contact with the squamosal for most of its length, 
• but does not extend to opposite the zygomatic arch, and of course 
not to the os quadratum. This element, in spite of its exclusion 
from articulation with the quadratum, appears to be homologous 
with that which in Iguana extends from the same position to that 
articulation, and which is evidently homologous with the opisthotic 
of the Testudinata. 

The squamosal is very largely developed in Lystrosaurus. Con- 
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tinning round the temporal fossa, it sends forwards the usual zygo- 
matic arch, and — what is noteworthy — unites with both postfron- 
tal and malar, leaving the usual tripodal supplementary postorbital 
as a wedge-shaped plate, bounding the antero-inferior angle of the 
temporal fossa. The squamosal continues without interruption to 
the inferior extremity of the quadratum, concealing the latter 
entirely on a posterior view. I find no suture separating it from 
the superior portion already described, on either side of the cra- 
nium ; and on reference to Owen’s figure of Ptychognathus 
declivis,* I find that he found them continuous in that species. 
He calls this element the w masto-tympanic,” which would be the 
Cuvierian nomenclature for opisthotic-quadrate of modem anato- 
mists. I find, however, that it does not include the quadrate 
which is situated immediately anterior to it, and does not appear 
to contain the opisthotic, which, as already described, is distinct. 
It is in fact figured by Owen in Pt. declivis, and named parietal, 
the close squamosal suture separating it from the posterior arches 
of the latter bone not having been detected. 

When the supposed quadrate bone is fractured, it is found to 
consist of two vertical plates, of which the anterior bears the nar- 
row transverse articular face for the mandible, excluding the poste- 
rior one. This I take to be the os quadratum. Its width is not so 
great as that of the posterior plate or squamosal, and it does not 
ascend much more than half way to the zygomatic arch. Its supe- 
rior margin appears to be received by the margin of the thicker 
superior portion of the squamosal, which somewhat overhangs it. 
I cannot trace its inner margin. A descending portion of the 
inner face of the squamosal approaches very near the posterior 
part of the pterygoid, and it is doubtful whether the quadratum 
extends interior to this point. The bony wall which appears 
below the prootic has been already alluded to as continuous with 
the pterygoid expansion, but it may represent the lateral processes 
of the sphenoid, or even part of the alisphenoid. 

The squamosal or parietal sends down on each side a vertical 
plate, which terminates in a slender bony prolongation from its 
anterior margin. The plate is subquadrate, and twice as deep as 
wide antero-posteriorly. The osseous ethmo vomerine septum ex- 
tends posteriorly to between the anterior margins of these laminae, 
and is prolonged inferiorly to the presphenoid, the suture with the 
latter extending beyond the anterior line of the above-mentioned 

* In Proceed. Geol. Soc., Lend., xiv., Tab. 1. 
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laminie. I can find no suture separating these plates from the 
squamosal above, and am therefore disposed to doubt whether 
they do not belong to these rather than to the parietals. 

The ? epiotic is a subovate bone with truncate extremities, which 
has its long axis directed upwards and inwards. It is in contact 
with the parietal and the descending anterior plate of the squamo- 
sal, and inferiorly with the bone described in the next paragraph 
as prootic. It occupies a position similar to that seen in Sphenodon, 
excepting that it does not appear to extend to the quadratum. It 
might be questioned whether this bone is not really the prootic. 
The element below and anterior to it (fig. 5, Pro) is emarginated 
for the exit of the fifth nerve (V) ; and though I cannot find its 
inferior borders, and the portion behind the above foramen is nar- 
row, it appears to me to answer more nearly to the prootic of 



Fig. 6. — (Cranium from behind.) 


Lacertilia than to an alisphenoid, which it would otherwise be. 
This is the more probable, in view of the fact that the supposed 
epiotic has its counterpart in Sphenodon, in which case this must 
be prootic. 

The fenestra ovale (fig. 6, FO) is not readily discovered, but 
appears to be represented by a rather small oval foramen-like emar- 
gination of the exoccipital. It is situated just within the quadrate 
plate of the squamosal, and beneath the zygomatic process. I find 
no stapes. If it existed, it extended outwards beneath the over- 
hanging margin of the squamosal, on the plane of the superior 
margin of the os quadratum. 

A. A. A. 8. VOL. XIX. 27 
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Turning now to those portions of the cranium which are better 
known in allied species, I find the exoccipitals undivided, as did 
Owen in Pt. declivis, and Huxley in Pt. murrayi. I do not even 
find a median suture separating that of the right side from the 
left. Each presents a strong rib extending to opposite the zygo- 
matic arch. The inferior portion is a subtriangular plate, con- 
tinuous superiorly with the rib just mentioned. It is also raised 



Fig. 7. — ( Cranium from above. ) 

Lystrosaums frontosus. (Lettering as in figs. 1 and 2.) 

on the median line, and the inferior outline is concave and directed 
downwards. The supraoccipital is vertically ovate, and separated 
from the parietals by squamosal sutures. It does not reach inferi- 
orly to the occipital foramen. 

The parietals viewed from above form together a subquadrate 
plate, with the angles much prolonged ; the anterior broadly to 
the postfrontals ; the posterior as laminaB between the squamosals 
and opisthotics forming the parieto-squamosal arch. They em- 
brace a rather large fontanelle, from which the median suture is 
distinct posteriorly, but invisible anteriorly. 

The frontals are marked posteriorly by a large tuberosity, which 
bounds inwardly a concave surface on each side between it and the 
raised margins of the orbits. These margins are continued poste- 
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riorty. This raised margin is turned inwards above the postfron- 
tal giving the orbits a slight postero-superior notch, which is 
much less developed than in Pt. declivis, according to Owen’s 
description. It is slightly rugose in consequence of transverse 
grooves. They are prolonged into the prefrontal tuberosities, 
which are very large, more developed than in any other species, 
resembling rudimental horns. They present a sharp edge out- 
wardly, as the front margin of the orbits and the superior and 
anterior planes are at right angles to each other. The middle 
line of the front, descending more gradually, causes the angle 
between it and the premaxillary to be rather more open. 

The premaxillary region is remarkably contracted ; and its length 
from the front is about equal 
to the distance between the 
prefrontal horns, producing 
a T-shaped outline. On 
the middle line it presents 
a high laminar keel, which 
separates two parallel sulci. 

These extend to the end of 
the muzzle, and are bound- 
ed externally by a strong 
longitudinal angle. The 
external face of the maxil- 
lary is occupied by a wider 
longitudinal concavity par- 
allel to the last. The poste- 
rior angle of the bone flares 
out behind it. The posterior (superior) “ spine ” of the premaxil- 
lary extends far between the nasals, and nearly to the anterior pro- 
longation of the frontal. 

The nasals are prominent, each presenting a low boss forwards, 
which enclose a concavity on each side with the tuberosity of the 
premaxillary spine. They overhang the nares superiorly. 

The lachrymal is a small bona intercalated between the pre- 
frontal and the maxillary. In front of and below it, a larger bone 
extends to the nostril, constituting the principal part of its poste- 
rior boundary. This bone is described by Owen in the Pt. lati- 
frons. Its homologies are not determined. 

The alveolar margin of the upper jaw is undulating, presenting 
a short median beak-like prominence, then a concavity, and poste- 



Fig. 8. — Ly Btrosaurus frontosus. 
(Lettering as in fig. 1.) 
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riorly a convexity to the tusk. The edge of the mandibular arch 
is correlated between these cutting edges, but its extremity is 
thre e-lobe d. These lobes correspond to three grooves within the 
premaxillary portion of the edge of the jaw, which are separated 
by two ridges. The section of the tusks is cylindric, and where 
brokeh, at the alveolar maigin, the pulp cavity is minute. 

The malar bone is small, and of a subtriangular form, one apex 
being posterior. The antero-superior angle extends to the lachry- 
mal, thus excluding the maxillary from the circumference of the 
orbit. 

The dentary bone extends far posteriorly, and forms the greater 
part of the circumference of a longitudinal foramen, which pierces 
the middle of the ramus. The angular is prolonged into a keel- 
like plate below, which is truncate behind, and rises gradually 
anteriorly. Its margin, which articulates with the articular, is cut 
out by a deep foramen. 

The angular and articular bones are both horizontal. The coro- 
noid appears to be broken of£ interior, or wanting. The angular 
extends to the symphysis.* 

The palatal surface is not exposed. 

Affinities of the Anomodontia. 

The attachment of the os quadratum, with the Mammalian type 
of rib articulation, and the elongate sacrum, induced me to regard 
the Anomodontia as a subgroup of the Archosauria. The absence 
of the quadratojugal arch, usual in the latter order, and the lack 
of information respecting the mode of attachment of the os quad- 
ratum, rendered it probable that the group was aberrant, or even 
not properly referable to it. The extension of the exoccipital 
bones, so as to close the parieto-squamosal arch, is found among 
Lacertilia in the Stenodactylus guttatus, and a very few other 
species ; but its extension to the quadratum below the proximal 
articulation does not occur. 

The immovable articulation of the quadratum throughout its 
length to the squamosal, and by its whole inner margin (as I 
suspect, but cannot see without too much injury to the specimen) 
to the exoccipital, removes the Anomodontia from the Lacertilia, 
and associates them with the Archosauria, in accordance with the 
indications furnished by the ribs, sacrum, etc. The withdrawal of 

+ See Trans. Amer. Philos. Soc., 1869, pp. 27, 38. 
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the prootics and opisthotics from its support constitutes a step 
towards the liberation of the quadratum, and places it nearest the 
Lacertilia, in the order. This indication is confirmed by the sim- 
ple premaxillary bone, and the lack of quadratojugal arch. 

Among Lacertilia, the Chammleontidae make the nearest ap- 
proach, though a remote one. This is seen in the posterior pro- 
longation of the dentary bone, and the often rudimental dentition. 

The nearest approach outside the Archosauria is to the Rhyn- 
chocephalia, as represented by the existing genus, Sphenodon.* 
Here the canine teeth begin to show an increased development, 
and the other teeth to become obsolete or confluent. The nearest 
approach to the great development of the squamosal in Anomo- 
dontia is seen in this genus, and they both possess an ossified sep- 
tum orbitorum. In both, the posterior extremity of the pterygoid 
is much expanded, and supports a columella. 

In summing up, the following significance may be attached to 
the above characters. From this it will be seen that the Anomo- 
dontia present a remarkable combination, and well deserve the 
appellation of a “generalized type.” Characters of Crocodilia 
are : 1. Presphenoid keel ; 2. Expanse of pterygoid to unite with 
it; 3. Foramen of the mandible; 4. Reduction of zygomatic bone. 
Testudinata: 1. Edentulous jaws; 2. Coossified mandibular rami, 
with foramen. Rhynchocephalia : 1. Largely developed squamo- 
sal ; 2. Osseous interorbital septum ; 3. Distinct ? epiotic ; 4. Bi- 
concave vertebrae; 5. Columella; 6. Foramen parietale; — the 
last two belonging also to the Lacertilia, which have further in 
common with Lystrosaurus : 1. Absence of quadratojugal arch; 

2. Simple premaxillary bone (mostly). 

Ichthyopterygia : 1. Parietal and quadrate branches of squamo- 
sal ; 2. Sessile suspensorium of quadrate ; 3. Posterior flat opis- 
thotic. 

Dinosauria : 1. Elongate sacrum ; 2. Ribs continued to sacrum ; 

3. Capitular and tubercular attachment for ribs on neural arch and 
centrum, respectively. 

From the preceding evidence, it is clear that the Anomodontia 
constitute the most generalized order of Reptilia of which we have 
any knowledge ; and occupying, as it does, almost the first or oldest 
place in geologic time among the Reptilia, — t. e n in the Triassic 
period, — it justifies the statement that the peculiarly older 

* See Gunther, Trans. Royal Society, 1867, Pt. II., p. 1. 
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forms of life are the more generalized in structure than the later, 
and that this generalization is increasingly evident the further 
back we carry our inquiries. 


4. On the Homologies of the Opisthotic Bone . 

This element, distinguished by Huxley from those which compose 
with it the w temporal bone ” of anthropotomists, has been called 
“ mastoid ” by Owen, and u external occipital ” and “mastoid” by 
Cuvier. 

Its position is exterior to the exoccipital, posterior to the prootic, 
and beneath and behind the squamosal. 



Fig. 9. — Chelydra serpentina ; cranium, with squamosal and postorbital bone* 
removed. Epo, Epiotic ; Pro, or Po, Prootic. Ma, Meatus Auditorius. Ecp> 
Ectopterygoid. V, Foramen ovale. 



Fig. 10. — Chelone midas ; cranium from behind. (Lettering as in fig- 2.) 
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In Mammalia it is confluent with the elements mentioned, re- 
maining distinct from the exoccipital, and forming part of the 
u mastoid and petrous portions of the temporal.” (Huxley.) 

In Aves it is early confluent with the exoccipital. (Parker.) 

In Reptilia it is distinct in all the orders except the Crocodilia, 
where it is confluent with the exoccipital. (Fig. 11, Exo.) 

This group resembles the higher vertebrates in the close union 
of the quadratum with the prootic and other cranial bones ; and we 
pursue the line of extreme Reptilian divergence in following the 
gradual removal of the quadrate from the cranial walls, on the 



Fig 11. — Alligator mississippiensis ; cranium from behind. 


extremity of a suspending cylinder, which reaches its highest 
expression in the Ophidia. First in this succession comes the 
separation of the opisthotic. 

We have already seen its position in Ichthyopterygia (fig. 1, 
Opo) where it is peculiar in separation from the supraoccipital 
and connection with the basioccipital. We have also seen an 
element in the Anomodontia identified with it (fig. 6, Opo) which 
differs in its connections, by being attached to the supraoccipital 
and exoccipital only. 

Passing to the Testudinata, the element maintains the same con- 
nections, with the addition of that with (fig. 10, Opo) the prootic 
anteriorly, and is extended externally over the proximal extrem- 
ity of the quadratum, a connection not observed in the types 
just described. 
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If we now turn to the Rhynchocephalia, as represented by Sphe- 
nodon,* we find the exoccipital greatly prolonged laterally, and 
carrying with it the opisthotic. It is carried apparently beyond 
any connection with the prodtic (alisphenoid of Gunther), but is 
less distant from the supraoccipital, or rather the epiotic (parocci- 
pital, Gunther), which is here, according to Gtinther, not entirely 
separated from the supraoccipital, as in the Testudinata, though 
more so than in the latter. Its superior and anterior extent is 
remarkable in this genus, forming a connection with the postorbi- 
tal above and the malar below, peculiarities not noticed in any 
other reptile. Superiorly it rises into the parieto-quadrate arch, 
which it Yorms with the squamosal, the parietal not entering it; 
another peculiarity, the only parallel to which is to be found in the 
Anomodontia, where this arch is however depressed into close con- 
tact with the occipital segment of the skull. 

The type exhibited by the Lacertilia is intermediate between 
that of the last and that of the Tortoises, and serves to reconcile 

them. Here, also, the opisthotic 
is carried beyond connection with 
the other otic elements. In Igu- 
ana it contributes largely to the 
formation of the parieto-quadrate 
arch, but with the parietal instead 
of the squamosal, and on the under 
instead of the upper side, as in the 
genus Sphenodon. (See figs. 13, 
14, OpO.) In Chamseleo it is a 
mere wedge articulating with the proximal end of the quadra- 
tum, and not entering into the parieto-quadrate arch. 

/r 



Fig. 13. — Iguana tuberculata ; lateral view, with arches. 


* I rely on the figures and descriptions of Gunther, in his paper on the Ansi* 
omy of Hatteria (Philos. Trans., London, 1867). 



Fig. 12. — Iguana tuberculata; pos- 
terior arches removed. 
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In the Pythonomorpha its character as “ suspensorinm ” of 
the quadrate is still more pro- 
nounced ; yet, though it forms 
part of a cylindric bar extended 
transversely from the brain-case, 
it maintains a sutural union with 
the prootic (see fig. 15, OpO), 
and to a slight degree in Clidas- 
tefc, with the supraoccipital, or 

? epiotic portion of it. If there Fig. 14. —Iguana, from behind, 
be any parieto-quadrate arch (a doubtful point), it probably en- 
ters into it posteriorly. 

In the Ophidia it exhibits an important range of variation. I 
have not been able to find it in Typhlops.* In Cylindrophis it is 



Fig. 15. — Clidastes propython, Cope ; cranium from behind. 


enclosed as usual between the exoccipital behind, the prootic ante- 
riorly and inferiorly, the pa- 
rietal above, and a small area 
enclosed between the latter 
and the exoccipital, which is 
either the extremity of the 
supraoccipital or a distinct 
element, perhaps epiotic. 

(See fig. 16 : BO, Basioccipi- 

• In an osteological system of the scaled Reptilia, published in " Proceedings 
of the Academy of Natural Science/' Phila., 1864, p. 224, an error occurs, in 
A. A. A. S. VOL. XIX. 28 



Fig. 16. — Cylindrophis rufa. 
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tal; ExO, Exoccipital ; SO, Supraoccipital ; OpO, Opisthotic; PrO, 
Prootic ; EpO, Epiotic ; Fr, Frontal ; PoF, Postfrontal ; Prf,Prefron- 

frontal ; N, Nasal ; Pmx, 
Premaxillary ; Mx, Max- 
illary ; Ecp, Ectoptery- 
goid ; Q, Quadrate; Art, 
Articular ; Cor, Coro- 
noid ; D, Dentary ; V, 
Foramen ovale.) The 
obtuse extremities of 
Fig. 17. — Xenopeltis unicolor (Siam). the opisthotic and ex- 

occipital support together the os quadratum. 

In the rather more specialized Xenopeltis, the opisthotic is no 
longer intercalated between the prootic and exoccipital, but lies 
over the common suture of the two, united by a squamosal suture. 
This important change transfers us from the Tortricina to the 
Asinea, as defined by Muller. (See fig. 17, OpO.) Throughout 
the latter suborder it only increases in length, which prolongation 
reaches its highest expression in the venomous serpents of the 
suborder Solenoglypha. It has been homologized with the squa- 
mosal in these groups by Huxley (Elements of Comparative Anatr 
omy), but incorrectly, as I believe, and attempt to show in 
considering that bone. 

Among the Batrachia this element is not distinct, except in 
Necturus. (See fig. 22, posterior view of cranium of Rana mu- 
giens.) I have failed to find it entirely distinct in larvae of various 
ages of Amblystoma, Spelerpes, and Gyrinophilus ; for though a 
suture from the fenestra ovale to the foramen condyloideum sepa- 


which I eay in the definition of the Scolecophidia, p. 230, “ no prefrontal.” 
This should have read “ no opisthotic.” The prefrontal is largely developed in 
Typhlops, while the maxillary is much reduced, and concealed on the inferior 
face of the cranium alongside the vomers. In the portion devoted to the 
Lacertilia, p. 225, several expressions occur which need explanation, owing to 
the fact that the homologies of some of the elements were not at that time 
worked out. Thus the “ temporal bone ” is the prootic, and the “ mastoid ” is 
the opisthotic. I must also correct the nomenclature of the elements of the 
mandible here, and in Clidastes, as published in Trans. Amer. Philos. Soc., 1870, 
pp. 214-16. Angular should read articular, articular should read surangular , and 
subarticular should read angular. In cut 51, figs. 8 and 5 belong to one bone, which 
is the angular. 
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rates it inferiorly from the exoccipital in several species, the 
superior suture is wanting or invisible. 

The opisthotic is known to be distinct in osseous Ganoids and 
Teleostei. 


5. On the Ilomologies of the Squamosal Bone . 


As this bone derives its name from its Mammalian representative, 
it will be well to trace it from that class. It may be defined as 
the bone which occupies the space 
between the prootic in front, the opis- 
thotic behind, and the parietal above, 
which subtends the auricular bones or 
meatus superiorly, and forms the poste- 
rior extremity of the zygomatic arch. 

In the Birds the zygomatic arch does 
not exist, and the malleus is produced 
from beneath it, as the os quadratum, 
for the support of the mandible (Par- 
ker).* Here then it first assumes the 
position of the external shield of the 
quadrate, which it continues to hold 
throughout the series of Yertebrata 
below this point. 

In tracing its homologies in the 
Reptilia, we commence with those in 
which the quadrate is most nearly ses- 
sile on the cranium, as in the Birds, 
and proceed towards those in which 
the latter Is supported at the extremity 
of a prolongation of the posterior ele- 
ments of the cranium, or a “ suspenso- 
rium.” 

I may add here that the former re- 
lation of the quadrate, being most sim- 
ilar to that found in both the Birds and 
the Stegocephalous, and other tailed 
Batrachia, is the most generalized; 



* On the Development of the Skull in the Ostrich Tribe (Philos. Trans., 
London, 1865, p. 118). 
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while the suspensorial type is the most divergent from other Verte- 

brata, and most specialized. Hence the 
successional relation of the orders of 
! |t Reptilia is to be estimated by reference 

/ /IS*. II? \ ^o their degree of approximation to 

either of these extremes, as will be con- 
-!j sidered further on. 

— If we seek for that element, in the 
Crocodilia, which fulfils the requisites 
of the squamosal as above defined, we 
find it on the posterior superior lateral 
angle of the cranium. (See fig. 18, Sq.) 
It sends forwards an anterior process, 
which completes the zygomatic arch 
posteriorly, and with the postfrontal 
(Pf ) bone encloses the temporal fossa. 
As its union with the quadratum is on 
the under side of the latter, it is con- 
cealed from view in fig. 18, chiefly by 
the superior prolongation of the quad- 
ratojugal (QJ). 

In the Testudinata, the quadrate be- 
ing removed from the cranial walls, the 
position of the squamosal is more ex- 
terior. (Fig* 10, Sq.) In Chelone,it 
sends an extension upwards to the pa- 
rietal, forming the parieto-quadrate 
arch, which is not observed in most 
other Testudinata. The enclosed space 
is much more expanded than in Croco- 
dilia (fig. 11), where it is in feet reduced 
to a foramen above each supraoccipi- 
tal. 

The position of the squamosal in the 
Pythonomorpha is very similar to that 
• seen in the last order, but it is further 
removed from the cranial walls (fig. 19, 
Sq), in consequence of the greater 
length of the suspensorium. 

v >/_rv I n the Lacertilia i$ is carried far from 

the cranial walls by the increased length of the exoccipital, from 
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which, as in the Testudinata, the opisthotic separates it. (See figs. 
13, 14, Sq.) In most of the order it has no contact with the parie- 
tal, the parieto-quadrate arch being supported below by the opis- 
thotic, as above pointed out. But in the Rhiptoglossa (Cha- 
maeleo) the squamosal sends a long process upwards, which meets 
a prolongation of the parietal, which is however single and median, 
and not bifurcate as is usual. The opisthotic does not rise with it. 
In the Ophiosauri (Amphisbania), it appears to be wanting, as Mul- 
ler has already indicated ; and there are various stages of reduction 
to be observed among the Typhlophthalm lizards which approach 
them.* In the Aniellidae it is wanting, stfSq 
while it exists in a rudimental state in Gv0< \lq 
the Acontiadidae. (Fig. 20, Ramus 
mandibuli, quadrate, and suspensorium 

« . . , . v Fig. 20. — Acontia* meleagrifl, 8. 

of Acontias meleagris, Sq.) Africa ; mandible and guapensorium. 

In the Ophidia the squamosal is obviously wanting. This is 
proven in two ways : first, by the serial homology of the opisthotic, 
from Lacertilia through Pythonomorpha (fig. 15), or Tortricina (fig. 
16), with the single suspensorium of the quadrate in typical snakes ; 
and, second, by the successive diminution of the squamosal in the 
Lacertilia from the Leptoglossa through the Typhlophthalmi, where 
it is rudimental in Acontias (fig. 19), and wanting in Amelia, and 
in the succeeding group of Amphisbaenia. Therefore its identifi- 
cation with the suspensorium in Ophidia, proposed by Huxley, 
must be abandoned.*)* 

Returning to the earlier types of Reptilia, we may recall the 
features of the squamosal already ascribed to the Ichthyopterygia 
and Anomodontia. The first peculiar feature, the anterior prolon- 
gation on each side of the cranium, on the inside of the temporal 
fossa, separating widely the supraoccipital and parietal, was shown 
to exist also in the Rhynchocephalia. The question of the real 
pertinence of this prolongation to the squamosal may be raised, as 
it is remote from the position of that bone in most of the Lacer- 
tilia, and in some specimens of Ichthyosaurus is separated by suture 
from it. Its relations in Chamaeleo throw much light on the point, 
and render it highly probable that the cranial prolongation in the 
three groups just mentioned is really continuous with it. As 
pointed out above, the squamosal in Chamaeleo extends inwards 
to the parietal, forming the greater part of the parieto-quadrate 


* See Essay on Trimary Groups of Reptilia Squamata (Proceedings Academy 
of Natural Science, Phila., 1864, p. 230). 

t See, on Pythonomorpha, Trans. Am. Philos. Soc., 1869, p. 178. . 
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arch, as in Ichthyosaurus and Lystrosaurus, differing only in its 
elevation above the occipital elements as an arch, instead of being 
closely depressed upon them. It has been already suggested in 
this essay, that this portion may include the epiotic element. 

The second peculiarity is observed in Sphenodon, and is quite 
unparalleled. This is that the opisthotic expands over the exter- 
nal face of the squamosal, concealing it from outside view, and 
occupies the greater part of the posterior face of the parieto-quad- 
rate arch. Its position suggests at first the inquiry whether the 
identification of the two elements here adopted is not the reverse 
of the true one. The relations of the opisthotic to the exoccipital 
are, however, as elsewhere ; while the squamosal forms the inner 
side of the zygomatic arch behind, and occupies in part the posi- 
tion seen in Lystrosaurus. 

The third peculiarity already described is the posterior inferior 
production of the squamosal in Ichthyosaurus and Lystrosaurus. 
In the latter it is very remarkable, and covers the outer side of 
the quadrate completely. 

The last feature is alluded to for the purpose of carrying 
the homology of the squamosal into the Batrachia. Huxley 

(Elements Compara- 
tive Anatomy) does 
not allow himself to 
compare any element 
in that class with this 
-shone in the Reptilia, 
^ and, alluding to the 
“ tympanique ” (Cu- 

Fig. 21. — Cranium of Rana mugiens; profile. vier) of the frog, 
says it is too different from the squamosal to be compared with 
it. If, however, he had had the cranial structure of Lystrosaurus, 
he could no longer have FP 






* See London Philos. Trans., 1865, p. 162. 
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The quadratum, cartilaginous in the Anura, is osseous in the 
Urodela, and is obviously represented by a bone beneath the pre- 
operculum of the Dip- 
noi, which, as Huxley 
has shown, is distinct 
from the latter. The 
preoperculum is here 
obviously the squamo- 
sal of Amphiuma and 

other Urodela (fig. 23, Fig. 23. 

Sq), so that we now have determined the identity of the reptile 
squamosal with the preoperculum of the bony fish. And, more, it 




Fig. 24. — Amphiuma means (from Georgia); profile of cranium. 


appears to be demonstrated that the squamosal portion of the tem- 
poral bone of the Mammal is the preoperculum of that type.* 


•6. On the Homologies of the Columella. 

With regard to the character of the Reptilian columella, the 
following conclusions seem to be indicated by a study of the 
crania of Crocodilus, Lystrosaurus, Chelydra, and Iguana. 
There are two modes in which the parietal arch is completed 
laterally among Reptilia. The usual mode among Vertebrates is 
where an alisphenoid connects the parietal and sphenoid bones. 
This characterizes the Crocodilia and Pythonomorpha.f In the 
second mode, the peculiar bone called the columella stands pillar- 
like on the pterygoid, supporting the parietal (in Gecconidae not 
reaching the latter). This arrangement characterizes the Lacer- 
tilia, where the alisphenoid is entirely absent. In the Ophidia and 
Testudinata, the parietal sends down a plate-like border or process 
on each side, which in the latter articulates with a flat bone, which 

* The bone homologized by Huxley (Elem. Comp. Anat., figs. 69-73, Sq) with 
the squamosal in the Telosei must, if the above determination be correct, have 
another interpretation. 

t The decurved margin of the parietal takes its place in the Ophidia. 
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is in like manner united with the pterygoid.* The latter bone is 
longer than deep (see fig. 9, Col), and very different from the cola- 
mella of Lacertilia, though its position would render it probable 
that it represents that bone. The existence of the parietal or 
squamosal plates in Lystrosaurus, continuous with a veritable 
columella, which rests by a laminiform extremity on the pterygoids, 
confirms the position that the Chelonia, like the Lacertilia, pos- 
sesses a columella. 

In Lystrosaurus (fig. 5, Col), the structure is analogous to that 
of the Crocodilia, already described. The continuity of the inner 
margin of the pterygoids with the presphenoid and sphenoid is 
common to both orders. From a position on this part of the ptery- 
goid, in the genus Alligator, there rises, exactly as in Lystrosaurus, 
an osseous style. (Fig. 18, Col.) It is in front of the foramen 
ovale, and is separated from the alisphenoid by a narrow foramen, 
which opens anteriorly. Above the latter it is coossified in adult 
age with the superior part of the alisphenoid, and both together 
meet the lateral portion of the parietal, which here descends much 
less than in Testudinata, forming only a ridge. I regard the short 
column of Alligator, above mentioned, as functionally the colu- 
mella. 

In the Lacertilia and Rhynchocephalia, the columella is not con- 
tinuous above with any determinable element. (Fig. 12, Col.) 

In the Ichthyopterygia, it is continuous above with the parietal 
extension of the squamosal. (Fig. 3, Col.) 

It appears, therefore, that there are at least four modes of origin 
of the superior extremity of the columella ; viz. : — 

Confluent with epiotic or parietal, — Ichthyopterygia, ? Anomodontia. 

Confluent with alisphenoid, — Crocodilia. 

Suturally united with parietal, — Testudinata. 

Approaching or touching parietal without suture, — Lacertilia, Rhyncboce- 
phalia. 

The first two types cannot therefore be homologized with each 
other, nor the second with the third and fourth. The latter two 
forms of columella are probably homologous. 

Having reviewed the homologies of the opisthotic, squamosal, 
and columellar bones, I append a table of their synonymes, with 
those of a few others. 

* This bone is overlooked by Stannius, who says the parietal plates rest on the 
pterygoids. 
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7. On t?ie Systematic Arrangement of the HeptUia. 

a. On Systematic Classification in general. 

The rationale of systematic classification, in zoology at least,' 
is a problem unsolved in the minds of many. As Agassiz has 
observed, it reposes in most cases on a purely empirical basis; 
and such are the difficulties that a resolution of its true nature 
presents, that some of the best naturalists have been fain to 
admit that it does not rest on any basis of principle of natural 
order, but on the convenience of the student alone. Yet I pre- 
sume that even these will hardly admit their position to be true, if 
brought face to face with such a legitimate deduction from it as 
that a classification based purely on coloration or size would be as 
satisfactory as that they adopt. Believing that a true classification 
of species of organic beings based on their structure will be the 
expression of some of the laws according to which their creation 
has been conducted, as well as of some of those which govern 
their mutual relations in the scenes of active life, I would propose 
to state the principle which I imagine to lie at the basis of a system 
which fulfils such requirements. 

In practice, so general is the coincidence of external and readily 
visible characters with the deeper and more significant ones, that 
the usual practice of arranging groups of animals in accordance 
with some readily observed tangible character of the former kind 
is generally justified by the more conclusive test of an examination 
of the whole structure. Yet this method fails to stand such tests 
sufficiently often to render it obvious that external characters are 
not enough for the resolution of the problem of affinity, and that 
they may be deceptive in cases where we little suspect it. As an ex- 
ample of the first, the genus Sphenodon is sufficient. In characters 
usually employed by naturalists for distinguishing the families of 
Reptilia, it is an Agamoid Lacertilian : a complete examination of 
its anatomy has shown that it is not even a member of the order 
Lacertilia. In the second case of deceptive characters, those of 
the corresponding genera of different homologous series may be 
mentioned, where the characters determining the series are rarely 
visible externally. 

Some valuable propositions respecting classification are made by 
Professor Gill, in an essay on the Mammalia, read before the Ameri- 
can Association (to be published in abstract in its volume, and in 
the tt American Naturalist ” for October, 1870). His first tyro prop- 
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ositions are : “1st, Morphology is the only safe guide to the classifi- 
cation of organized beings, teleological or physiological adaptation 
being the most unsafe guide, and conducing to the most unnatural 
approximations; 2d, The affinities of such organisms are only 
determinable by the sum of their agreements in morphological 
characteristics, and not by the modifications of any single organ.” 

The first proposition we think so self-evident, that it is surpris- 
ing that there are naturalists who, in practice at least, do not con- 
sent to it. Morphology is simply the determination of what the 
elements of an organism are ; a question which obviously lies at the 
root of things, and demands attention before the question of the 
uses of said parts can be considered,* 

The discussion of the second proposition involves the main ques- 
tion. I conceive it to be a very good expression of the views of 
many naturalists, yet, in my own, it does not go far enough; nor is 
the second clause, that u affinities are determinable ” w not by the 
modifications of any single organ,” one with which I can agree. 
The same objection therefore applies to the corollary following, that 
“ the adoption of such principles compels us to reject such systems 
as are based solely on modifications of the brain, those of the 
placenta, and those of the organs of progression,” etc. In other 
words, agreeing with the first part of Prop. 2, that u affinities ” 
“ are only determinable by the sum of their agreements in morpho- 
logical characteristics,” we do not regard the remainder of the 
proposition and its corollary as necessary consequences of it. 

If we analyze the “ sum of the agreements ” of given groups, 
we cannot affirm that all of those separate characters which con- 
stitute that sum have been always, in past time, coexistent. In 
fact, we know that they have not been so, and that the differences 
of groups consist in the abstraction of single characters from, or 
addition of single characters to, this “ sum.” Hence the history 
of this “ sum ” is the history of the single characters which 
compose it, and each one of them has a special value of its own, 
which cannot be sunk in a state of association. If this be 
true, systematic zoology stands upon what some naturalists are 
pleased to call a purely w technical ” basis, as opposed to what 
they term a “ natural ” one. And this is distinctly our position. 
Every structural feature possesses some systematic value, and when 
our knowledge extends over a greater mumber of forms than the 

* See Proceedings Academy of Natural Science, Phila., 1863, p. 60 ; Natural 
History Review, 1865, p. 98, etc., where this view is expressed. 
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system at present includes, the definitions of our groups will rest 
upon single characters only, and the history of the origin of those 
characters will be the history of the origin of the groups. 

It is the proper discrimination of the relative values of these 
single characters which in our estimation determines the “ natu- 
ralness ” of a system ; and the principle on which such discrimina- 
tion reposes is the key to that perplexing question which often 
renders the conclusions of naturalists so different in appearance, 
while the objects of their investigations are the same. But by mis- 
using “ technical ” or single characters — that is, by misinterpreting 
their values — the most erroneous approximations may be made, 
and systems constructed which well deserve the term “ artificial” 
applied to them by those who, in their search for the “natural” 
system, are opposed to the use of “ technical ” characters. Per- 
haps the best known example of this misuse is to be found in the 
Linnsean system of botany, where the value of the numbers of 
stamens and pistils in determining affinity was placed much too 
high. Though this system has been utterly abandoned, yet Lin- 
naeus’s characters are still of great importance in a lower grade 
of relations. 

As the number of primary groups of the animal kingdom is but 
small, I will commence with the principle on which all subordinate 
divisions may be distinguished, and their value ascertained. 

I. Given primary divisions, and given that such divisions pre- 
sent in some members greater resemblance (or unity of minor 
characters) to members of other primary divisions, and in other 
members especial diversity from the same, — the primary subdivi- 
sions of said first divisions are those which express the successional 
degrees of resemblance to or difference from the other divisions of 
first rank. 

II. Given primary subdivisions, their subdivisions of first rank 
are estimated, as in Prop. I., by reference to the characters pre- 
sented by their extremes of likeness to or diversity from the mem- 
bers of the other primary subdivisions. The value of characters 
of the groups contained in each of last grades mentioned to be 
determined by the same test. 

For primary divisions, in Prop. I., might be read class ; for pri- 
mary subdivision, order ; and for subgroup of the latter, family. 
The same principle applies to genera, which is expressed in Prop. 
YI. of a series designed to render clear the basis of the theory of 
evolution, published in a u Monograph of the Cyprinidae of Penn- 
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syl vania.” * The I., II., and III. propositions are prefixed as pre- 
liminary : — 

I. That genera form series indicated by successional differences 
of structural character, so that one extreme* of such series is very 
different from the other, by the regular addition or subtraction of 
characters, step by step. 

II. That one extreme of such series is a more generalized 
type, nearly approaching in characters the corresponding extreme 
of other series. 

III. That the other extreme of such series is excessively modi- 
fied and specialized, and so diverging from all other forms as to 
admit of no type of form beyond it. 

YI. That therefore the differences between genera of the same 
natural series are only in those characters which characterize the 
extreme of that series. 

For the highest groups in the animal kingdom we must accept 
the definition of Cuvier, Yon Baer, and Agassiz, for the present, 
that they are primary, because they represent different primary 
plans of structure. For the lowest grade of groups (genera) 
the definition above given (Prop. YI.) will be found to represent 
groups to which the definition given by Agassiz t will also apply ; 
viz^ that “ their special distinction ( i . e ., of genera) rests upon the 
ultimate details of their structure.” I believe that the definitions 
given by Agassiz to the three intervening grades of divisions — 
viz., of families, orders, and classes — are far nearer a representa- 
tion of nature than any other ever given. They are as follows : — 

Classes are defined w by the manner in which the plan of the 
branch is executed; Orders , by the degrees of complication of 
that class-structure ; Families , by their form as determined by 
structure.” Natural science is under great obligations to Pro- 
fessor Agassiz in this, as in other points. 

These definitions are, however, better perceived after the groups 
are constituted, but in practice are not sufficiently exact to serve 
as the crucial test in the cases which may arise. The simple 
method indicated in our propositions above will, it appears to us, 
serve to solve many of the more difficult questions which arise 
during the attempt to state the true relations of organic beings. 

We may now apply these principles to the groups of the class 

* Trans. Am. Philos. Soc., 1866, p. 897. 
t Contrib. Nat Hist U. S., i. pp. 168, 170. 


Digitized by v^.ooQle 



230 


B. NATURAL HISTORY. 


Reptilia, not only as an illustration of their meaning, but of their 
use. 

(3. On the System of Reptilia. 

The points of resemblance to the other classes of Vertebrate 
presented by the Reptilia are, of course, to those below them and 
those above them. Relationships to the class Batrachia are as yet 
doubtful, unless indeed the remarkable relations of the squamosal 
and quadrate in Anomodontia have such a significance. The ex- 
tremities of the genus Ichthyosaurus present a remarkable struct- 
ure not seen elsewhere in the class, nor in the classes above it; 
viz., in lacking all differentiation between the elements external to 
the proximal element, — the humerus and femur. So far as form 
is concerned, the ulna and radius, tibia and fibula, tarsus carpus, 
metacarpus, metatarsus, and phalanges, are identical. This type is 
only found below the Reptilia, approximately among Crossoptery- 
gian fishes and Elasmobranchi ; and it is to the latter class that we 
must appeal, says Gegenbaur, for an explanation of their structure. 
No other resemblance of real importance has been observed to 
exist between the two groups. 

The extension downwards of the squamosal over the quadrate 
region constitutes a point of remote resemblance to the Fishes. 
The ? continuation of the ? frontals to the premaxillaries in Ich- 
thyosaurus is seen in the lower tailed Batrachia. 

Resemblances to the classes above the Reptilia are seen in the 
groups Crocodilia, Dicynodontia, Ornithosauria, and Dinosauria. 
In the first, the presence of a vermis in the cerebellum, and quad- 
ripartite heart are points of equal affinity to the Mammalia and 
Aves. In the three others, the double-headed ribs, with capitular 
articulation on the centra of the vertebrae, and generally elongate 
or complex sacrum, are points of resemblance both to Mammalia 
and Birds. In the Dicynodontia, other resemblances to either 
class are wanting, but the case is different in the other orders. The 
pelvis and hind limbs of the Dinosauria are especially bird-like ; 
while, according to Seeley, the Omithochirse had epipubic or 
marsupial bones as in Mammalia, a brain with infero-lateral optic 
lobes as in Aves, and even confluent metatarsi as in the same class. 
In fact, it seems quite evident that Seeley is right in referring that 
group to the Birds ; but this does not necessarily remove the true 
Pterodactyles from the Reptilia. These have distinct tarsals and 
metatarsals, though their epipubic (marsupial) bones and other 
characters ally them most closely to the Omithochir®. 
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Serial divergence from these lower and higher orders to an 
extreme of special peculiarity, such as is mentioned in Prop. HI. 
above, has been alluded to in the discussion of the homologies of 
the opisthotic and squamosal bones. This is seen in the successive 
prolongation of the elements on the sides of the posterior region 
of the cranium into a tt suspensorium,” and the successive libera- 
tion of the quadrate bone from several sutural articulations, to a 
condition as a mobile fulcrum for the mandible. This succession is 
seen first in the Rhynchocephalia, where the suspensorium is pro- 
duced, but the quadrate fixed ; the Testudinata, where the quad-* 
rate is freed from a quadratojugal bone ; in the Lacertilia, where 
the quadrate is movable, but the opisthotic not produced ; in the 
Pythonomorpha, where the opisthotic is produced as suspensorium ; 
the extreme being reached in the Ophidia, where the suspensorium 
itself becomes movable, and with it the elements which usually 
form the solid surface of the palate. 

This series then, it is evident, is like that of the Teleostei, among 
the lower Vertebrata, a special divergence from the main line of 
succession to the higher classes. The reptiles which retain and 
increase the close contact of the quadrate bone with the periotic 
elements are evidently those which conduct us to the Mammalia. 
The highest group in this succession is the Crocodilia. Those 
which consolidate the periotic elements, but retain the partial free- 
dom of the quadrate, on the other hand, 'lead to the Avine class. 
These are the Omithosauria, and perhaps, when we come to know 
the cranium, the Dinosauria. At least this may be predicated, if 
the structure of the foot and ear bones are correlated in this group 
as they are elsewhere. 

The primary importance of this series is confirmed by the corre- 
lation with it of the serial modification of the modes of attachment 
of the ribs. These differences were first used in systematic work 
by Owen,* and later more fully by Huxley.f The latter sub- 
divides the Reptilia in accordance with it alone, and, while pointing 
out important affinities thereby, fails to recognize others from his 
neglect of the modifications of the quadrate and supporting 
bones. 

In the most generalized form (represented by Ichthyosaurus), 
the capitular and tubercular articular surfaces are near together, 
but distinct, and situate on the sides of the vertebral centra. 

* Palaontology. t Jour. Geol. Society, London, 1870. 
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From this point two lines of modification can be traced. The one, 
coinciding with that in which the quadrate aijd suspensorial bones 
are received into closer cranial articulation, is characterized by the 
wider separation of the two surfaces. The inferior becomes mar- 
ginal and sessile, remaining on the centrum ; the superior rises, and 
on the dorsal region is supported on an elongate basis from the 
sides of the neural arch. Thus, in this point also, this series tends 
towards the Aves and Mammalia. The second, or special series, 
in correspondence with the liberation of the quadrate, etc., sees a 
fusion of the two articular surfaces, and their usual retention on 
the centrum. In one group (Sauropterygia) this fused basis rises 
to the top of the neural arch in the dorsal region : on the cervical 
region they are distinct. 

In the Crocodilia, the capitular articulation does not rise to meet 
the tubercular in front of the posterior dorsal region ; and they are 
united and rise from the neural arch on the lumbar region. These 
two orders are otherwise allied, and form a point of connection 
between the groups defined by the characters of the rib articula- 
tions. 

In the Testudinata, the ribs are single . headed as in this series, 
but the convexity is sometimes in contact with the transverse ex- 
pansion of the neural spine. There appears, however, to be no 
true articulation here, nor any diapophysis.* The space between 
the vertebral expansion and the tubercular region of the rib is 
filled by a later and distinct ossification. The capitular articular 
facets are sessile, and at the point of contact of two centra. The 
majority of this order present a special peculiarity in the expan- 
sion of the ribs into an osseous upper shield : a similar expansion 
of abdominal elements (perhaps abdominal ribs), with the clariclesf 
and mesostemum (interclavicle, Parker), forms an inferior shield. 
As these characters are not developed in Sphargididae, they need 
not be necessarily regarded as ordinal. 

A similar character is to be found in the Pythonomorpha and 
Sauropterygia, whose fore limbs are specialized into swimming 
organs or paddles. Since we see this last modification of the 
truly differentiated limb to be subordinated to the characters of 
the order in the Testudinata (e. g ., in Cheloniidae and Sphar- 

* In a young Testudo mauritanica the proximal extremities of the ribs are de- • 
curved to their capitular articular facets, .without touching the expansion of tbe 
neural spine (vertebral bones of carapace), and without sending tubercle or pro- 
cess to meet them. 

t See Parker on the shoulder girdle. 
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gididae), I do not regard it as necessarily of ordinal value, but sub- 
ordinate to characters already mentioned, of the posterior regions 
of the cranium, the tarsus, pelvis, etc. The forms of the articular 
extremities of the vertebraB have also a subordinate value. 

The affinities of the Orders are most easily expressed in the fol- 
lowing outline scheme : — 

Series I., With two-rib ar- 
ticulations and fixed 
quadrate. 

Ornithosauria 


Dinosauria 


Anomodontia 


A tabular arrangement destroys expression of more than one 
line of affinities, but is most convenient for presentation of diag- 
noses. The above-named groups possess different degrees of rela- 
tionship to each other, and have been combined into groups by 
authors, which are supposed to represent natural divisions. This 
presents some difficulties as yet, on account of our ignorance of 
the structure in certain orders. They may, however, be provision- 
ally placed as follows : — 

A. Extremities beyond proximal segment not differentiated as to form. 

I. Tubercular and capitular articulations for ribs distinct, on centra. 
Os quadratum immovably articulated to squamosal, etc. No sacrum. Ica- 
thyoptbrygia. Including one order, Ichthyoptcrygia . 

B. Extremities differentiated. 

II. Tubercular and capitular surfaces united. Os quadratum articulated 
with squamosal and opisthotic by ginglymus. Sacrum very small. Strep- 
tost ylica, with the orders Lacertilia , Pythonomorpha , and Ophidia. 

III. Tubercular and capitular surfaces united. Os quadratum articulated 
with squamosal, opisthotic, etc., by suture. Sacrum small. Synaptosau- 
ria, with the orders Bhynchocephalia, Testudinata , and Sauroptcrygia, 

IV. Tubercular and capitular surfaces separated ; former on diapophysis, 
latter on centrum. Os quadratum articulated by suture with its suspenso- 
rium. Sacrum generally of several vertebrae. Archosauria ; orders, — 
Anomodontia , Dinosauria , Crocodilia, and Ornithosauria, 

JL. A. A. 8. VOL. XIX. 30 



Intermediate. 


Drocodilia 

\ 

Sauropterygia 


Series II., With one-rib ar- 
ticulation and free 
quadrate. 

Ophidia 

Pythonomorpha / 



Rhynchocephalia 


chthyopterygia 
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CATALOGUE OF THE FAMILIES OF THE REPTILIA.* 

I. ORNITHOSAURIA. 

Bonaparte, Fitzinger, Seeley ; Pterosauria , Owen. 

Dimorphodontidce ; Dimorphodont®, Seeley, 1. c. 

Pterodadylidce ; Rhamphorhynch® et Pterodactyl®, Seeley, 1. c. 

n. DINOSAURIA. 

Owen, Cope, Seeley; Pachypodes , Meyer. Omithoscelida ; Huxley. 

1. Symphypoda. 

Cope; Compsognatha, Huxley. 

Compsognaihidce ; Compsognathus, Wagner. 

Omithoiarsidas ; Ornitho tarsus, Cope. 

2. Goniopoda. 

Cope ; Harpagmosauria , Haeckel. 

Megalosauridce ; Huxley (part). Cope, Trans. Am. Philos. Soc., 1869, 
p. 99. 

TeraiosauricUe ; Teratosaurus, Plateosaurus, Meyer, etc. Cope, Trans. 
Am. Philos. Soc., 1869, p. 90. 


3. Orthopoda. 

Cope; Therosauria, Haeckel. 

Scelidosauridce ; Cope, Trans. Am. Philos. Soc., 1869, p. 91; Huxley, 
Jour. Geol. Soc., London, 1870, p. 

Iguanodoniidce ; Cope, 1. c. ; Do. (in part), Huxley, 1. c. 

Hadrosauridce ; Cope, 1. c. ; Iguanodontid®, Huxley (part). 

m. CROCODILIA. 

CrocodUiaet Thecodontia (part), Owen, 1841. 

1. Amphicoslia. 

Belodontidas ; Thecodontia, Owen (part). Cope, Trans. Am. Philos. 
Soc., 1869, p. 32. 

Teltosaiiridas. 

• The extinct groups and synonymes are indicated by italics. . 


Digitized by v^.ooQle 



ZOOLOGY. 


235 


2. Pboc<elia. 

Thoraeosauridos ; Thoracosaurus, Leidy, Cope. 

Gavialid® ; GavialidsB, Gray ; + Holops Thecachampsa, Cope, etc. 
Crocodilidae ; Crocodilidae + Alligatorid©, Gray. 


IV. SAUROPTERYGIA. 

Owen. 

? Placodontidas ; Placodus, etc. 

Plesiosauridce ; Nothosaurus, Pistosaurus, Plesiosaurus, Pliosaurus, etc. 
Elasmokauridce; Elasmosaurus, Cimoliasaurus, etc. 

V. ANOMODONTIA. 

Owen. 

Dicynodontidas ; Owen, Palaeontology. 

Oudenodontidce ; Cryptodontia , Owen, Palaeontology. 


VI. ICHTHYOPTERYGIA. 

Ichlhyomvridce. 

VII. RHYNCHOCEPHALIA. 

Protorosauridcc ; Protorosaurus, Meyer (elongate sacrum). 
Sphenodontidae ; Hatteriidae, Cope (Proceed. Acad, of Nat. Sci., Phila., 
1864). 

Bhynckosauridce ; Rhynchosaurus, Owen. 


VHI. TESTUDINATA. 

1. Athens. 

Spbargididae ; Gray, Annals of Philosophy, 1825; Bell, Fitzinger, 
Agassiz. 

2. Cryptodira. 

Cbeloniidae ; Gray, Annals of Philosophy, 1825 ; Agassiz. 

Propleuridce ; Cope, Sillim. Am. Jour. Sci., 1870, p. 137. 

Trionychidae ; Gray, Bell, Dum., Bibr., Agassiz. 

Emydidae ; Emydidae and Chelydridae, Agassiz. 

Adocidas; Cope, Proceed. Am. Philos. Soc., 1870, November. 
Cinosternidae*; Agassiz, Contrib. Nat. Hist. U. S. ; Cope, Leconte (part). 


Digitized by v^.ooQle 



236 


B. NATURAL BISTORT. 


Testudinid© ; Gray, Agassiz, Cope emend. 

Pleurostemidce ; Cope, Proceed. Acad. Nat. Sci., Phila., 1868, October. 
3. Pleubodira. 

Dum6ril, Bibron ; Clidyoidce , Agassiz. 

Podocneroidid© ; Cope, Proceed. Acad. Nat. Sci., Phila., 1868, October; 
Peltocephalidae, Gray. 

Chelydid©; Gray, Proceed. Zool. Soc., London, 1869; Cope, 1. c., 1868. 
Hydraspidid© ; Cope, 1. c. ; Gray, 1. c. 

Pelomedusid© ; Cope, 1. c., 1865, p. 185, 1868, p. 119. 

Sternothsrid© ; Cope, 1. c., 1868,' p. 119. 


Owen, Cope. 


IX. LACERTILIA. 

1. Ehiptoolossa. 


Acrodonta Rhiptoglossa ; Wiegmann, Fitzinger, Cope. Chamcdmida; 
Muller. 

Cliamffileontid© ; Wiegmann, Gray, et auctorum. 


2. PACHT OLOS8A. 

Cope; Acrodonta Pachyglossa , Wagler, Fitzinger. Cope, Proceed. 
Acad. Nat. Sci., Phila., 1864, p. 226. 

Agamid©. 


3. Nyctmaura. 

Gray ; Catal. Sarnia Brit. Mos. ; Cope, 1. c. 

Gecconid© ; Gray, et auctorum. 

4. Pleurodonta. 

Cope, Proceed. Acad. Nat. Sci., Phila., 1864, p. 226. 

a. Iguania. 

Anolid© ; Cope, 1. c., pp. 227, 228. 

Iguanid©; Cope, 1. c., pp. 227, 228; Iguanid© (pars), auctoram. 

5. Diploglossa. 

Anguid© ; Cope, L c. 

Gerrhonotid© ; Cope, 1. c. ; Zonuridce (part), Gray. 

Xenosaurid©; Cope, 1. c., 1866, p. 322. 

Helodermid©, Gray ; Catal. Sauria Brit. Mus. ; Cope, 1. c., 1864, p. 228, 
1866, p. 322. 
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c. Thecaglossa. 

Wagler, Fitzinger, Cope. 

Varanid®. 


s d. Leptoglossa. 

Wiegmann, Fitzinger, Cope. 

Teid®; Teidce and Ecpleopodidce, Peters, Cope, Proceed. Acad. Nat. 
Sci., Phila., 1866, p. 228; Teidce Anadiidce Cercosauridce Riamidce , Gray. 

Lacertid® ; Gray ; Catal. Sauria ; Cope, 1. c. ; Lacertid® et Cricosauridce , 
Peters ; Xantusiidoe , Baird. 

Zonurid® ; Zonuridce (part), Gray; Lacertidce (part), Cope. 

Chalcidid® ; Gray, 1. c. ; Cope, 1. c. 

Scinoid® ; Gray, 1. c. ; Cope, 1. c. 

Sepsidae ; Gray, 1. c. ; Cope, 1. c. 

e. Typhlophthalmi. 

Cope, Proceed. Acad. Nat. Sd., Phila., 1864, p. 228 ; Do. (pars), Dum6- 
ril et Bibron. Erpet. Gen. 

Anelytropid® ; Cope, 1. c. name ; Typhlinidce , Gray. 

Acontiid® ; Gray; Catal. Brit. Mus. ; Cope, 1. c., 1864, p. 230. 

Aniellid® ; Cope, 1. c., 230. 


5. Ophiosauri. 

Cope, 1. c., Merrem; Annulati , Wiegmann; Ptychoplcurcs Glyptoder- 
mes , Dum., Bibr. ; Amphisbcenoidea y Muller. 

Ampliisbmnid® ; — ©, Wiegmann, Fitzinger. 

Trogonophid® ; Trogonophes , Wiegmann, Fitzinger. 

X. PYTHONOMORPHA. 

Cope, Trans. Am. Philos. Soc., 1870, p. 175; Proceed. Boston Nat. Hist. 
Soc., 1869, p. 251 ; Lacertilia Natantia , Owen ; Pal®ontograph. Society, 
Cretaceous Reptiles. 

Clidastidce ; Cope, 1. c., p. 258. 

Mosasauridoe ; Cope, 1. c., p. 260. 


XI. OPHIDIA. 

1. SCOLECOPHIDIA . 

Dum^ril ; Scolecophidia et Catodonta, Cope, Proceed. Acad. Nat. Sci., 
1864, p. 230. 

Typhlopid®; Epanodontiens , Dum., Bibr. 

Stenostomid® ; Catodontims, Dum., Bibr. ; Catodonta , Cope, 1. c. 
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2. Tortricina. 

Miiller, Cope, 1. c. 

Tortricidae. 

Uropeltidae ; Uropdtacea , Peters ; Rhinophidce , Gray. 


Muller, Cope. 


3. Asinea. 


a. Peropoda. 

Miiller. 

XenopeltidaB ; Cope, 1. c. ; Gunther , Reptiles British India. 
Pythonidae; Cope, 1. c. ; Holodontiens, Dum.,Bibr. 

Boidae; Cope, 1. c. ; Aproterodontiens , Dum., Bibr. 

Lichanuridae ; Cope, Proceed. Acad. Nat. Sci., Phila., 1868, p. 2* 


6. Colubroidea. 

Achrochordidae ; Cope, 1. c., p. 231; Achrochordiens , Dum., Bibr. 
Homalopsidae ; Cope, Proceed. Acad. Nat. Sci., Phila., 1864, p. 167; 
Natricidce (pars), Gunther; Potamophilidce , Jan. 

Colubridae ; Asinea Group 0-55, Cope, Proceed. Acad. Nat. Sci., Phila,, 
1864, p. 231 ; Calamaridce , Oligodontidce , Coronellidce , Colubridce , Dryadida , 
Dendrophidcs , Dryiophidce , Psammophidce, Lycodontidce , Scytalidp , 2)ip*a- 
didce , etc., Gunther, Catal. Brit. Mus., et op. alt. 

Rhabdosomidae ; Calamaridce (part), Giinther. 


4. Proteroglypha. 

a. Conocerca. 

Elapidae; Cope, L c., p. 231 ; Elapidce (pars), Giinther, 1. c. 

Najidae ; Cope, 1. c. ; Elapidce (pars altera), Giinther, 1. c. 

b. Platycerca. 

Hydrophidae ; Hydridce t Gray ; Eydrophidce , Schmidt, Fischer, Gunther. 
Cope, Proceed. Acad. Nat. Sci., Phila., 1869, p. 75, 1864, p. 231. 

5. Solenoglypha. 

Dum6ril, Bibron ; Viperidce, Cope, Proceed. Acad. Nat. Sci., 1859, p. 333. 
Atractaspididae ; Giinther; Catal. Brit. Mus.; Cope, 1. c., 1859, p. 334. 
Causidae ; Cope, 1. c., 1859, p. 334. 

Viperidae; Gray; Catal. Brit. Mus., p. 18; Cope, 1. c. ; Gunther, Rep- 
tiles British India. 

Crotalidae; Gray, 1. c., Cope, 1. c., Giinther, 1. c., etauctorum. 
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8. Critical Remarks on the System . 

1. In the “ Transactions of the American Philosophical Society,” 
1869, part I. (August), I proposed a system in which the primary 
groups of the Reptilia were defined anew, and understood in some 
measure differently from those proposed by Owen. The system of 
the latter author, and that of Yon Meyer, were the only ones ex- 
tant previously ; and additional discovery necessitated some modi- 
fications, while the meritorious portions of both it was intended to 
preserve. The groups, perhaps equivalent to “ orders,” retained, 
were the Ichthyopterygia, Archosauria, Testudinata, Pterosauria, 
Lacertilia, Pythonomorpha, and Ophidia. The form of attachment 
of the quadrate bone was regarded, after Johannes Muller, as an 
element of prime importance in the estimate of affinities, and of 
nearly equal value, the differentiation of distal elements of limbs, 
the opisthotic bone, the mode of attachment of ribs, etc. 

Another systematic grouping of the orders was proposed by 
Professor Huxley in the “Journal of the Geological Society,” 
London, 1869 (November), in which the position and character of 
the rib articulations to the vertebral centra were used exclusively 
in discrimination of the groups. The subclasses proposed were 
the Suchospondylia, which is our Archosauria ; the Perospondylia, 
our Ichthyopterygia ; * the Herpetospondylia, corresponding to our 
orders Ophidia, Pythonomorpha, Lacertilia, with the addition of 
the Sauropterygia. The last group is rendered unnatural by the 
presence of the latter order, which possesses the closely articulated 
quadrate bone of the Archosauria. I therefore omit it, and retain 
the three orders remaining, in one division, which has already been 
named by Muller the Streptostylica. Huxley’s fourth subclass, 
the Pleurospondylia, includes the Testudinata only. This group I 
also recognized in the original memoir quoted, and I accept it with 

* Some criticisms of Professor Huxley's in this essay, on my determination 
of the structures and relations of the Dinosauria, are so inapposite as to require 
notice. He quotes me as saying of the astragalus of Laelaps, that “ one other 
example of this structure is known in the Vertebrata ; ” and adds, “ but I shall 
show immediately that the astragalus is altogether similar* in the commonest 
birds, and probably in the whole class Aves.” This statement is so precisely the 
reverse of the fact, that I can only suppose it to be an inadvertence, ora double en- 
tendre , the latter being an impossibiUty in so fair a man as Professor Huxley. On 
page 36 he says : “ Professor Cope has distinguished Compsognathus as the type 
of a division Ornithopoda, from the rest of the Dinosauria, which he terms Goni- 
opoda (on the structure of the foot, etc.). . . It seems to me precisely by the struc- 
ture of the foot that Compsognathus is united with, instead of being separated from, 
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new definition, so much so indeed as to constitute a substitution. 
The Rhynchocephalia (an^rder which Huxley has not recognized), 
Testudinata, and Sauropterygia agree in the essential structures of 
the quadrate element, and the simplicity of the rib attachment ; 
they also agree in the abdominal ribs and plane vertebral centra. 
The capitular rib articulations are on processes in the last, in the 
Testudinata in pits, but in Sphenodon almost sessile on the centra. 
If Rhynchosaurus be a Rhynchocephalian, it has tortoise-like jaws; 
so has the Sauropterygian Placodus in some respects. Natatory 
.fins of Plesiosaurus, etc., are repeated in the turtle Sphargis. So, 
though this association into the subclass which I have called Syn- 
aptosauria appears at first sight unnatural, it probably has a basis 
in nature. 

2. The Omithochirae of Seeley do not appear to belong to the 
Omithosauria, but to the Birds, where they would enter the sub- 
olass Saururae with the Archaeopteryx. This depends on the accu- 
racy of Seeley’s statement that the metatarsi are united, and there 
seems to be no reason to doubt it. This learned author does not 
state whether the tarsal bones are distinct or not ; though confluent 
metatarsi suggest union of these also, since the Dinosauria lose 
the distinctness of the tarsals, and preserve separate metatarsals. 
This group will be annectant to the Reptilia by their near allies 
the Ornithosaurian group of Dimorphodont® of Seeley. 

3. The arrangement of the Lacertilia is the same as that pro- 
posed by the author in 1864, with three exceptions. The Rhipto- 
glossa are separated from the Pachyglossa by a wider interval, and 
the two groups are regarded as of primary value. In the system 
quoted they are united into one primary group, — the Acrodonta. 
Secondly, the Sphenodontidm (Hatteriidae) are removed from the 

the Ornithoscelida.” I united Compeognathus with the Dinosauria in 1867, on 
account of the foot structure (as quoted by Professor Huxley, p. 24), but regarded 
its subordinate modification of arrangement as indicative of a subordinate divi- 
sion, Symphypoda. This is exactly the course adopted by Professor Huxley in 
1869, only he changes the name of Symphypoda to Compsognatha, and gives dif- 
ferent characters to it As to the groups Omithopoda and Goniopoda, as ascribed 
to me, they cannot be found in my papers. On page 24 Professor Huxley supports 
Cuvier’s determination of the position of the tibia in Dinosauria, as different 
from mine, observing that “ Cuvier was right from a morphological point of 
view, when he declared the tibia to be laterally compressed,” etc. This point I 
never contested ; but that Cuvier was wrong so far as actual position is con- 
cerned, as 1 have proposed, is evidently Professor Huxley’s opinion, since he 
arranges the tibia in his descriptions and plates precisely as I did in 1867. 
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Pachyglossa, and associated with certain extinct forms into the order 
Rhynchocephalia. This is in consequence with the full statement of 
its structural characters by Gunther, and I accept the new order 
proposed for it by this author, with some change of diagnosis. 
Third, the Zonurid© are regarded as distinct from the Lacertid© 
on account of their papillose tongue. 

4. In the Ophidia, the Typhlopid© and Stenostomid© are united 
into one order, the Scolecophidia, as already done by Dumeril and 
Bibron. I separated them in the system proposed in connection 
with that of the Lacertilia in 1864, on account of the supposed ab- 
sence of the prefrontal bone in Typhlops while it is present in 
Stenostoma. I find, however, that the large bone I supposed to 
be maxillary in Typhlops, is really the prefrontal, and that the 
maxillary is concealed on the inferior face of the skull, being rep- 
resented by a narrow strip alongside of the vomer. 

9. On the Rhynchocephalia and supposed Lacertilia of the 
Trias and Permian. 

The existence of Lacertilia in the Trias has been asserted by Pro- 
fessor Huxley, as indicated by the genera Hyperodapedon, Teler- 
peton, Rhynchosaurus, and Saurosternum.* For us the evidence 
furnished by these and other genera is conclusive only as to the 
presence of the Rhynchocephalia in beds of that age, while the 
existence of the Lacertilia remains undecided. The other genera 
are from Germany ; viz., Proterosaurus, Sphenosaurus, and Phane- 
rosaurus, of Meyer. Of these the first two are believed by Huxley 
to be Lacertilia. f 

The characters of the Rhynchocephalia have been in part 
pointed out in the preceding pages. Other features, especially of 
the soft parts, can be learned by reference to Gunther’s Monograph 
of Sphenodon, already quoted. 

Of the above genera, Hyperodapedon has the remarkable pala- 
tal structure characteristic of Sphenodon, and entirely unknown 
among the Lacertilia, and I have little doubt that the genus be- 
longs to the same order ; viz., the Rhynchocephalia. In all of the 
remaining genera, the vertebr© are flat or sub-biconcave as in 
Rhynchocephalia, and not proccelian as in Lacertilia. In defence 
of the position of Telerpeton as a Lacertilian, Professor Huxley 
cites the biconcave vertebr© of the Gecconid©. These are, how- 
ever, fish-like, and enclose ^rithin the adjacent conic cavities of 

* Jour. Geol. Soc., Loud., 1869, p. 49. t Ibid., p. 87. 

A*A.JuS. VOL. XIX. 81 
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two centra a mass of cartilage. In the Batrachia, the ossification 
of this mass produces the ball which adheres to the centrum 
in front or behind, producing the proccelian or opisthoccelian ver- 
tebra. The vertebrae of Gecconidae are therefore probably in the 
embryonic form of those of the other Lacertilia. Not so, how- 
ever, with the'Triassic genera in question. According to Meyer’s 
figures, they are nearly plane, like those of Sphenodon and Dino- 
sauria ; and were probably developed round the chorda dorsalis, 
without retention of included ball. 

In Phanerosaurus, the neural arches are united to the body by 
suture, a character unknown in the Lacertilia. In general the ver- 
tebrae by which the genus is known might as well belong to a 
Sauropterygian. In Proterosaurus (See Yon Meyer’s w Saurier aus 
dem Kupferschiefer,” Plates), the forms of the inferior pelvic bones 
and the presence of inferior abdominal ribs, are so entirely unlike 
any thing in the Lacertilia, and so much like the same parts in 
Sphenodon, that this genus also, I have no doubt, is a Rhynchoce- 
phalian. Every thing is in favor of the supposition that Rhyncho- 
saurus and Sphenosaurus are Rhynchocephalians, since the parts 
preserved correspond with those of known types of that order, and 
none of the special peculiarities of Lacertilians, as distinguished 
from the former, have been discovered. 

The only genera remaining are Saurosternum (Huxl.) and Teler- 
peton (Mant.). In the latter genus the palatine bones are said not to 
be separated by the pterygoids, and there is no quadratojugal repre- 
sented by Huxley : if these characters exist, it suggests the Lacer- 
tilia rather than Rhynchocephalia. The latter is the more important 
point; but further examination is necessary to decide on it, as the 
postorbital arch is also omitted in the figure, which is possibly an 
inaccuracy, consequent on the state of the specimen. The form is 
in its dentition equally like the Lacertilian Uromastix and the 
Rhynchocephalian Sphenodon ; but the transverse direction of the 
parieto-squamosal arch, and the plane or concave articulations of 
the vertebral centra, are those of the latter, not of the former. 

As to Saurosternum, not enough is known of the only specimen 
to ascertain whether it belongs to the Lacertilia or Rhynchocepha- 
lia. There is no cranium, and the parts preserved or described 
are as characteristic of one order as the other. 

10. Stratigraphic Relation of the Orders of Reptilian 

This is most readily shown in tabular form, as follows : — 
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It will be observed, by this table, that the most specialized Rep- 
tilian order, the Ophidia, appeared last in time in the Eocene period ; 
and that those which constitute the line of connection with the gen- 
eralized reptiles appeared earlier as they approached the latter, — 
the Pythonomorpha in Cretaceous, and Lacertilia in Jurassic times. 
The Reptilian groups most specialized in bird characters (Omitho- 
sauria and Dinosauria) appear on the other hand very early ; the first 
and most Mammalian also, — the later of the two, — in Jurassic 
Beds. The Trias gives us in the Anomodontia and Ichthyoptery- 
gia, the two most generalized and lowest orders ; while their 
contemporary, the Rhynchocephalia, almost as much generalized in 
Reptilian features proper* .was already represented in the Trias. 
Strangely enough this order yet exists in the living Sphenodon of 
New Zealand. The Crocodilia, rather specialized in bird charac- 
ters, accompanies the last in this wonderful persistency, beginning 
also in the Trias. 

The inquiry as to the truth of the proposition that the more 
ancient types of animals are more generalized, and therefore more 
embryonic in the characters of a special nature* which character- 
ized groups later introduced, is answered in a very imperfect way 
in the affirmative. It is like the shadow of a truth whose substance 
will shortly come before us. But when we come to compare the 
subdivisions of the orders themselves with each other, and with 
those of other orders, as we pass backwards in time, the weight of 
the affirmative answer to the above proposition is greatly increased. 
The oldest Ophidia are boaeform, therefore approaching Lacertilia 
and Pythonomorpha. The oldest Tortoises have generally the most 
incomplete carapace and plastron ; among them the Psephoderma 
allied to Sphargis, without carapace, and thus the most lizard-like of 
the order. The Lacertilia of European Jurassic strata are, some of 
them at least, acrodont, apparently Pachyglossa (e. Acrosaurus), 
and, as such, nearer the Rhynchocephalia, which preceded them in 
time. The position of Homorosaurus and Piocormus is not deter- 
minable, as the dentition cannot be understood from the descriptions 
and figures of Wagner. The form of the mesosternum of the former 
refers it to either the Pachyglossa or Ighania, as I understand those 
groups. It may be assumed that since the order Lacertilia has 
diverged from the line of other Reptilia, while it took on in its 
special peculiarities it lost in the features characterizing the main 

* The identity of these two propositions has not always been noticed by 
authors. 
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series with a higher tendency or terminus, thus retrograding in 
one sense. This is seen in the shortened sacrum, pleurodontu den- 
tition, etc. 

The Crocodilia of the Jurassic do not possess- the ball and 
socket-jointed vertebrae of the recent genera, and exhibit the plane 
articular faces of all the Jurassic and Triassic Reptilia. Their 
basicranial region is also plane like that of other orders, instead of 
vertical as in the recent forms. The Triassic Crocodiles are still 
more generalized. Their ribs are extended to the pelvis, as in 
Dinosauria and Anomodontia : there are often three sacral verte- 
brae, an approach to the long sacrum of the same orders. The 
femur, with third trochanter, is an approach to that of the Dino- 
sauria ; and finally the position of the nostrils near the orbits (Be- 
lodon) is a Sauropterygian feature. In the Sauropterygia the 
shortened vertebral column, and long muzzle (Pistosaurus) in the 
oldest types (Triassic), are approximations to the Crocodilia. The 
Dinosauria display an increasingly Crocodilian character as we 
pass into the Triassic period. The femur (Palasosaurus, Megadac- 
tylus) loses the bird-like head, and assumes the ill-defined convexity 
of the Crocodiles; the tibia (Plateosaurus) loses the bird-like 
“ spine,” or crest. The ilium is shorter (Palaeosaurus). Every 
student of the subject knows how much more difficult is the sepa- 
ration of the bones of Sauropterygia, Crocodilia, Anomodontia, and 
Dinosauria, of the Trias, than those of the Cretaceous. There are 
types allied to the Rhynchocephalia, whose systematic position is 
doubtful, owing to the generalized character of the parts we pos- 
sess. Thus the Rhynchosaurus of the Trias of England is allied 
to that order, and to the Anomodontia. The Rhopalodon of the 
Permian has a large canine tooth, like the single one possessed by 
the Anomodontia ; but with others associated, like those of the 
Rhynchocephalia. The Triassic Sauropterygia and Rhynchoce- 
phalia also agree in the anterior production of the pterygoid bones 
between the palatines to the vomer. Compare, for this point, Hy- 
perodapedon and Nothosaurus. 

We learn from such considerations as the above, and similar 
ones derived from the study of the Mammalia, that the successional 
relation of the faunas of the periods in geologic time is more strik- 
ingly exhibited by the subordinate contents of the orders than 
by the orders themselves, in relation to each other. From this we 
decide that we must look for the origin of the orders ih periods 
prior to those in which we now know them, i£ as some suppose, 
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they originated in still more generalized types. This accords with 
Huxley’s view of the period of origin of the Mammalian orders. 

It must also be remembered that the above deduction as to 
geological distribution is precisely that of geographical distribu- 
tion ; t. that the homologous groups of different continents are 
not orders, but subordinate divisions of orders, the orders being 
universally distributed. This coincidence is remarkable, and justi- 
fies the view I have taken of the origin of higher types on the basis 
of retardation and acceleration, and of the nature of synchronism.* 

Note in reply to Dr. Seeley's remarks on my interpretation of the structure 
of the cranium of Ichthyosaurus . 

A brief abstract of the portions of the preceding paper, which relate to 
Ichthyosaurus and Lystrosaurus, having been published in the “ American 
Naturalist,” for 1870, Dr. Seeley publishes a criticism of the statements and 
conclusions therein contained, in the “ Annals and Magazine of Natural 
History ” for April, 1871. I will briefly reply to these remarks; and com- 
mence by saying that he discovers some errors in determinations of bones of 
the cranium of Ichthyosaurus, which are due to errors of the artist and proof 
reader ; such are more likely to occur in an abstract issued early in a 
periodical, than in the essay itself. Thus he finds the lettering of the maxil- 
lary and lachrymal bones to be exchanged. This, as he supposes, is the 
artist’s error, and one which was corrected on the proof which was not 
received in time. He also finds the nomenclature of the elements of the 
mandible to be erroneous. This resulted from a misconception by the 
artist of the lettering on my original drawing, which I find to be correct, 
and which in the present memoir is correctly copied. In the same way the 
small “ supersquamosal ” will be found described in the present paper. 

The question as to the determination of the bones forming the roof of 
the cranium receives new light from Dr. Seeley’s remarks. This has been 
much needed by American naturalists, for I have been unable to find in 
the whole range of the literature of the subject an English description of the 
osteology of the head of Ichthyosaurus, which is at all complete; and the 
figures are not more instructive. Dr. Seeley’s statement, that the flat 
bone on the inner side of the temporal fossa, continuous in our specimen 
with the squamosal, is usually separated from the latter by suture, is valua- 
ble, and suggests that the element may be parietal and not homologous with 
the similar plate in Dicynodonts. This possibility has existed in my mind 
all along, but what are thus probably sutures in two of our specimens have 
looked as much like fractures. As to the bones suspected to be nasals, I 
find that of the left side present in a specimen of I . intermedins , besides 
that from Barrow, but wanting in one of I. ienuirostris . As observed by 
Seeley, thg absence of a bone in a fossil has little weight in evidence of its 

• Origin of Genera, 1868 ; Hypothesis of Evolution, 1870. 
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non-existence, as compared with its presence in evidence of its existence. 
Nevertheless, its absence in so many specimens as Dr. Seeley has had the 
opportunity of examining renders it necessary to ascertain whether the 
element in question is a dismemberment of some other bone or not. And 
this I must leave to those who have more extended material for examina- 
tion. Dr. Seeley’s objections to my determination of the frontals (? nasals) 
are not weighty, and are anticipated in the memoir, itself. 

On the whole, the probabilities of the Cuvierian nomenclature of the 
bones of the cranial roof being correct is rather increased by Dr. Seeley’s 
remarks, but I have not been able to discover that any one has correctly 
determined the squamosal, quadrato jugal, opisthotic, and stapedial bones 
before the reading of my paper. 


2. On the Embryology of Limulus Polyphemus. By A. S. 

Packard, Jr., of Salem, Mass. 

(Abstract.) 

The eggs on wfiich the following observations were made were 
kindly sent me from New Jersey, by Rev. Samuel Lockwood, who 
has given an account of the mode of spawning, and other habits, 
in the “ American Naturalist.” They were laid on the 16th of May, 
but it was not until June 3d that I was able to study them. The 
eggs measure .07 of an inch in diameter, and are green. In the 
ovary they are of various hues of pink and green just previous to 
being laid, the smaller ones being, as usual, white. The eggs are 
simple, the ovarian eggs being formed of a single cell. The yolk 
is dense, homogeneous, and the yolk granules, or cells, are very 
small, and only in certain specimens, owing to the thickness and 
opacity of the egg-shell, could they be detected. 

Not only in the eggs already laid, but in unfertilized ones taken 
from the ovary the yolk had shrunken slightly, leaving a clear 
space between it and the shell. Only one or two eggs were ob- 
served in process of segmentation. In one the yolk was subdi- 
vided into three masses of unequal size. In another the process 
of subdivision had become nearly completed. 

In the next stage observed, the first indications of the embryo 
consisted of three minute, flattened, rounded tubercles, the two 
anterior placed side by side, with the third immediately behind 
them. The pair of tubercles probably represent the first pair of 
limbs, and the third, single tubercle the abdomen. Seen in oufr- 
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line the whole embryo is raised above the surface of the yolk, 
being quite distinct from it, and of a paler hue. In more advanced 
eggs three pairs of rudimentary limbs were observed, the most 
anterior pair representing the first pair of limbs (false mandibles 
of Savigny) being much smaller than the others. The mouth 
Fig. # l. Fig. 2. 

af 



Embryo of Limulus. 

opening is situated just behind them. In a succeeding stage (fig. 1, 
ar, areola ; am, inner egg membrane ; cA, chorion) the embryo forms 
an oval area, surrounded by a paler colored are&a, which is raised 
into a slight ridge. This areola is destined to be the edge of the 
body, or line between the ventral and dorsal sides of the animal. 
There are six pairs of appendages, forming elongated tubercles, 
increasing in size from the head backwards ; the mouth is situated 
between the anterior pair. The whole embryo covers but about a 
third of that portion of the yolk in sight. At this time the inner 
egg membrane (blastoderm-skin ?) was first detected. 

The outer membrane, or chorion, is structureless ; when ruptured, 
the tom edges show that it is composed of five or six layers of a 
structureless membrane, varying in thickness. The inner egg 
membrane is free from the chorion, though it is in contact with it. 
Seen in profile it consists of minute cells which project out, so 
that the surface appears to be finely granulated. But on a vertical 
view it is composed of irregularly hexagonal cells, sometimes five- 
sided, and rarely four-sided, hardly two cells being alike. The 
walls of the cells appear double, and are either strongly waved, or 
have from three to five long slender projections, with the ends 
sometimes knobbed, directed inwards. These cells are either 
packed closely together, or separated by quite a wide interspace. 

In a subsequent stage (fig. 2) the oval body of the embryo has 
increased in size. The segments of the cephalo thorax are indica- 
ted, and the legs have grown in length, and are doubled on thexn- 
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selves. But the most important change is in the small size of the 
rudiments of the mandibles, compared with the remaining five 
pairs of limbs ; and the origin of two pairs of gills, forming pale 
oblique bands between the sixth pair of legs and the end of the 
abdomen, which forms a narrow semicircular area. 

A later stage is signalized by the more highly developed dorsal 
portion of the embryo, and the increase in size of the abdomen 
and the appearance of nine distinct abdominal segments. The 
segments of the cephalothorax are now very clearly defined, as 
also the division between the cephalothorax and abdomen, the lat- 
ter being now nearly as broad as the cephalothorax, the sides of 
which are not spread out as in a later stage. At this stage the 
egg-shell has burst, and the inner egg membrane increased in size 



Embryo of Limulns just before hatching. 

several times exceeding its original bulk, and has admitted a cor- 
responding amount of liquid, in which the embryo revolves. At a 
little later period the embryo throws off an embryonal skin, the 
thin pellicle floating about in the egg. 

Still later in the life of the embryo the claws are developed, 
an additional rudimentary gill appears, and the abdomen grows 
broader and larger, with the segments more distinct; the heart 
also appears, being a pale streak along the middle of the back 
extending from the front edge of the cephalothorax to the base of 
the abdomen. 

Just before hatching the cephalothorax spreads out, the whole 
animal becomes broad and flat, the abdomen being a little more 
than half as wide as the cephalothorax. The two eyes and the 
pair of ocelli on the front edge of the cephalothorax are distinct ; 

A. A. A. S. VOL. xrx. 82 
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the appendages to the gills appear on the two anterior pairs; the 
legs have increased in length, though only a rudimentary spine has 
appeared on the coxal joint, corresponding to the numerous spines 
in after life. The trilobitic appearance of the embryo (fig. 3, top; 
4, side view) is most remarkable. It also now closely resembles 
the Xiphosurian genus Bellinurus. The cardiac, or median, region 
is convex and prominent. The lateral regions are more distinctly 
marked on the abdomen than on the cephalothorax. The six 
segments of the cephalothorax can, with care, be distinguished ; 
but the nine abdominal segments are most clearly demarked, and 
in fact the whole embryo bears a very near resemblance to certain 
genera of Trilobites, as Trinucleus, Asaphus, and others. 

In about six weeks from the time the eggs are laid the embryo 
hatches. It differs chiefly from the previous stage in the abdomen 
in being much larger, scarcely less in size than the cephalothorax; 
in the obliteration of the segments, except where they are faintly 
indicated on the cardiac region of the abdomen ; and the gills are 
much larger than before. The abdominal spine is very rudimen- 
tary, forming a lobe varying in length, but scarcely projecting be- 
yond the edge of the abdomen. It forms the ninth segment. The 
young swim briskly up and down the jar, skimming about on their 
backs, by flapping their gills, not bending their bodies. This mode 
of swimming corresponds to that of Apus. In a succeeding moult, 
which occurs between three and four weeks after hatching, the 
abdomen becomes smaller in proportion to the cephalothorax, and 
the abdominal spine is prominent, being ensiform, and about three 
times as long as broad. At this, and also in the second or succeed- 
ing moult, which occurs about four weeks after the first moult, 
the young Limulus doubles in size. 

Conclusions . — The eggs are laid in great numbers in the sand, 
the male probably fertilizing them after they are dropped. This is 
an exception to the usual mode of oviposition in Crustacea ; Squilla 
and a species of Gecarcinus being the only exception known to 
me to the law that the Crustacea bear their eggs about with them. 
Besides the structureless, dense, irregularly laminated chorion, 
there is an inner egg membrane composed of rudely hexagonal 
cells; this membrane increases in size with the growth of the 
embryo, the chorion splitting and being thrown off during the lat- 
ter part of embryonic life. Unlike the Crustacea generally, the 
primitive band is confined to a minute area, and rests on top of the 
yolk, as in the spiders and scorpions, and certain Crustacea; t.&, 
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Eriphia spinif rons, Astacus JluviatilU , Pakemon adspersus , and 
Vrangon maculosus , in which there is no metamorphosis. 

The embryo is at first a Nauplius; it sheds a larval skin about 
the middle of embryonic life. 

This larval skin corresponds in some respects to the “larval 
skin ” of German embryologists. It is a true moult however, the 
skin being cast after the feet have become quite large, and the 
larva has passed into the subzoea stage. 

The recently hatched young of Limulus (fig. 4) can scarcely 
be considered a Nauplius, like the larvae of the Phyllopoda, Apus 



Larva of Limulus, natural size, and 
enlarged. 


а, Larva of Apus. 

б, Larva of Branchipus. 


(fig. 5, a), and Branchipus (fig. 5, 5), but is to be compared 
with those of the Trilobites, as described and figured by Bar- 
rande (fig. 6 , larva of Trinucleus ornatus ; fig. 7, larva of Sao 
6 - hirsula ; fig. 8, larva of Agnostus nudus ), 

° which are in Trinucleus and F >g- 7- 

Agnostus born with only the 
head and pygidium, the tho- f jj jf , jjl 
racic segments being added • 
during after life. The cir- 
eular larva of Sao hirmta , ^ 1 / 

Larva of Trinucleus orna- which has no thorax, or, at Larva of Sao hirsuta. 
tus, natural size, and en- , natural size, and 

Urged. least, a very rudimentary enlarged. 

thoracic region, and no pygidium, approaches nearer to the Nau- 
plius form of the Phyllopods, though we would contend that it is 
not a Nauplius. It should rather be compared to the larva or zoea 
of Decapoda, and may perhaps be called a retarded zoea. 
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Indeed a study of the embryology of Limulus, as well as its 
anatomy, leads me to consider, as several authors have done, from 
Savigny and Yan der Hoeven down to the present time, the ante- 
rior division of the body as a cephalothorax, the posterior division 
being the abdomen. Latreille, Milne-Edwards, and more recently 
Mr. Henry Woodward,* the distinguished palaeontologist, have 
regarded the anterior division of the body as the head, and the 
posterior division as embracing the thorax and abdomen ; the last 
three segments in Mr. Woodward’s opinion, including the telson, 
representing the abdomen. Professor Dana, in his great work on 
the Crustacea of the United States Exploring Expedition, regards 
the telson as the abdomen, the remainder of the animal being the 
cephalothorax. Against this view I think can be brought the em- 
bryological facts already stated. The germ first starts as a Nau- 
plius, and just previous, to moulting a larval skin in the egg, the 
abdomen is differentiated from the cephalothorax. In this latter 
region (composed of six segments) are contained not only the eyes, 

simple and compound, but all 
the ambulatory appendages, 
which surround the mouth 
and are true maxillipeds; no 
antennae or thoracic append- 
ages being developed, unless 
the last pair of ambulatory feet 
be considered as thoracic mem- 
bers. This region contains the 
stomach and a considerable 
portion of the intestine, and 
the liver, which opens into the 
intestine near the middle of 
the cephalothorax, sending but 
a single pair of biliary tubes into the abdomen. The anterior half 
of the dorsal vessel, with two pairs of arteries, and two pairs of 
valvular openings, is situated in the cephalothorax. Lastly, the 
genital openings in both sexes are situated on the first pair of 
abdominal lamellate appendages, the testes and ovaries lying wholly 
in the cephalothorax ; the ovaries, when distended with eggs, fill- 
ing up the front of the cephalothoracic shield. 

The abdomen consists of nine segments, the long spine-like tel- 

* On some Points in the Structure of the Xiphosura. Quarterly Journal of the 
Geological Society of London, for February, 1867. 


Fig. 8. Fig. 9. 



Larva of Agnostus Adult Afmostus nuuus, 
nndup, uat. size, nat. size, and en- 
and enlarged. larged. 
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son forming the ninth, as seen plainly in the embryo. The ab- 
dominal cavity is small, the abdomen being very thin, and mainly 
filled with the muscles attached to the lamellate feet. 

There are, then, in Limulus, probably no thoracic feet, compar- 
able with those of the Decapods and the Tetradecapods ; and the 
thoracic region (as much of it as exists) is merged with the head, 
in fact never becoming differentiated from the head proper. Thus 
we have in Limulus a crustacean with the body divided into two 
regions : a cephalothorax (the thorax being potential, viewed ex- 
ternally, with no appendages or segments to indicate its existence) 
and a nine-jointed abdomen. 

This disposition of the body-segments is paralleled by the zoea, 
or young, of the Decapods. In the freshly hatched zoea the body 
is divided into two regions : the cephalothorax, with no trace at 
first of thoracic segments, or thoracic appendages (the two pairs of 
large feet being deciduous mandibles and maxillae), the thorax not 
being yet differentiated ; and a five to seven jointed abdomen. The 
size of the cephalothorax, as compared with the abdomen, varies 
greatly in the different forms of zoeae, some zoeae strongly resemb- 
ling Eurypterus in the small cephalothorax. After the first moult 
five pairs of rudimentary thoracic limbs arise at the hinder portion 
of the cephalothorax, thus proving our statement that the cephalo- 
thorax of Limulus, and consequently the so called “head” of 
Eurypterus and Pterygotus, combines a head with a potential tho- 
rax, the latter never becoming differentiated in subsequent moults. 

In the Trilobites, however, if the late discovery of Mr. Billings 
is correct, the thoracic segments bearing jointed feet are de- 
veloped ; though, as shown by Barrande, the larval trilobite is 
hatched either without any, or with but a single, thoracic segment. 
Limulus, Eurypterus, Pterygotus, and their allies (Huxley has 
aptly compared the Eurypteridea to a zoea), with the Phyllopods, 
may be considered as virtually in a zoea stage, or, to be more pre- 
cise (since they lack many important characters of zoea?), retarded 
zoem ; and the ancestry of the Decapods may be- thus traced to 
the Branchiopods. 

The larva passes through a slightly marked metamorphosis. It 
differs from the adult simply in possessing a less number of ab- 
dominal feet (gills), and in having only a very rudimentary spine. 
Previous to hatching it strikingly resembles Trinucleus and other 
Trilobites, suggesting that the two groups should, on embryonic 
and structural grounds, be included in the same order, especially 
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now that Mr. E. Billings * has attempted to show that Asaphns pos- 
sessed eight pairs of five-jointed legs of uniform size. The trilo- 
bitic character of the body, as shown in the prominent cardiac and 
lateral regions of the body, and the well-marked abdominal segments 
of the embryo, the broad sternal groove, and the position and 
character of the eyes and ocelli, strengthen this view. The organi- 
zation and the habits of Liinulus throw much light on the probable 
anatomy and habits of the Trilobites. The correspondence in the 
cardiac region of the two groups shows that their heart and circu- 
lation was similar. The position of the eyes shows that the Trilo- 
bites probably had long and slender optic nerves, and indicates a 
general similarity in the nervous system. The genital organs of 
the Trilobites were probably very similar to those of Limulus, as 
they probably could not have united sexually ; and the eggs were 
probably laid in the sand or mud, and impregnated by the sperm 
cells of the male, floating free in the water. 

The muscular system of the Trilobites must have been highly 
organized as in Limulus, as like the latter they probably lived by 
burrowing in the mud and sand, using the shovel-like expanse of 
the cephalic shield in digging in the shallow paleozoic waters 
after worms and stationary soft-bodied invertebrates, so that we 
may be warranted in supposing that the alimentary canal was con- 
structed on the type of that of Limulus, with its large, powerful 
gizzard, and immense liver. 

The order Branchiopoda may be subdivided then into per- 
haps four suborders: (1) the Phyllopods; (2) the Clodocera; 
(3) the Trilobites, or Paleodes ; and (4) the Pceciloptera, compris- 
ing the Limuli and Eurypteri. • 

Speculating on the ancestry of the members of the order of 
Branchiopoda, they may be traced to a common Nauplius form, 
as Fritz Muller, Haeckel, and Dohm have done for the Crus- 
tacea generally. This Nauplius form may have existed in the 
Laurcntian period, as we already find highly organized Trilobites, 
Phyllopods, and Ostracodes in the lower Silurian strata. The 

* Proceedings of the Geological Society of London. Reported in “ Nature/' 
June 2, 1870. In this communication Mr. E. Billings announces the important 
discovery of a specimen of Asaphus platycephalus , showing that the animal pos- 
sessed eight pairs of five-jointed feet, widely separated at their insertions by a 
broad sternal groove. 

While this paper is going through the press we notice that Messrs. Dana, Ter* 
rill, and Smith, however, from an examination of Mr. Billings' specimen, at the 
latter's request, question whether there be appendages at all. (Amer. Journ. of 
Science, May, 1871.) 
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modern Phyllopods, such as Apus and Branchipus, may have de- 
scended, perhaps, by two parallel lines of descent, from certain 
Silurian Copepoda and Ostracoda. The origin of these forms may 
be accounted for rather by a process of acceleration and retardation 
of development as suggested by Messrs. Cope # and Hyatt, f involv- 
ing a more or less sudden formation of generic forms, than by the 
theory of Natural Selection, which involves an indefinite* number 
of slight modifications for the production of even a variety, and 
such a succession of intermediate generic forms as we do not 
perhaps find recent or fossil. 


3. On the Young op Obthagoriscus mola. By F. W. Put- 
nam, of Salem, Mass. # 

(Abstract) 

The investigations of which the following abstract gives the 
general results were undertaken in consequence of the statement, 
made by Messrs. Lutken and Steenstrup, % that the young of Or- 
thagoriscus differed greatly from the adult, and that Molacanthus 
was not a distinct genus, but simply the young state of Orthago- 
riscus. This statement of the distinguished Copenhagen zoologists 
led him to believe that they had not seen the young of Orthago- 
riscus, and had been misled by the singular form of Molacanthus 
in considering that genus as the younger state of the sunfish. He 
exhibited drawings of Molacanthus, of the adult form of Orthago- 
riscus mola and 0. oblongus , and of the young of the last two. 
The drawing of the young of 0. oblongus was copied from Har- 
ting’s work. Harting had figured the specimen in connection with 
remarks to the effect that he thought the young of this genus were 
not so different from the adult in form as supposed by Lutken and 
Steenstrup. 

The drawings of the young of 0. mola were from specimens 
taken in Massachusetts Bay, and now in the Peabody Academy of 
Science, having been received from the Essex Institute, in whose 

* Origin of Genera. Philadelphia, 1868. 

t Parallelism between the Order and Individual in the Tetrabranchiate Cephal- 
opoda. Memoirs of the Boston Society of Natural History, 1866, and “ American 
Naturalist,” vol. iv., pp. 280, 419. 

t (Efversigt Danske Vidensk. Selsk. Forhandl., 1863, p. 86. 
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collection they had been for many years. These specimens, four 
in number, were about two inches in length, and while differing 
from the adult in several particulars were yet so near to the adult 
form in all their important features that no doubt could be enter- 


Fig. 1. Fig. 2. 



tained as to their being the young of 0 . mola. In these young 
specimens the eye is proportionally very large, and is placed at the 
margin of the head, while in the adult it is situated some distance 



Fig. 3. — Orthagoriscus mola (young, natural size). 


from the margin. In the young the dorsal fin and the upper por- 
tion of the caudal are thrown respectively a little backward of the 
anal fin and the lower part of the caudal. By following out a 
series of drawings, taken from specimens of various sizes, he 
showed how the growth of these fishes was more rapid in their 
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dorsal and anterior parts than in other portions of the body ; and 
that from the pushing forward of the posterior parts, and the ten- 
dency to develop a large head at the expense of the body, which 
culminated in the formation of the projecting “nose,” so charac- 
teristic of the old specimens, he was led to the conclusion that the 
various forms of the short sunfishes were probably of one spe- 
cies, and those of the oblong type of another ; these two forms 



representing two distinct genera of one species each (perhaps two 
of the mola type). 

In the young 0. mola the caudal fin is composed of eight rays 
in its upper half, and eleven rays in its lower half. These rays are 
elongated filaments, and by their regular increase in length as they 
approached the centre of the fin the caudal became a pointed fin. 
Along the ventral portion of these young fishes is a fleshy ridge, 
easily detached from the body, and armed with several rows of 
A. A. A. 8. VOL. XIX. 33 
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small spines. The back, for about half the distance in front of the 
dorsal fin, has a slightly raised fleshy ridge. 

Several interesting points were mentioned in connection with 
the skeleton of the young, and the changes which take place in its 
growth. The neural spines of the fifth to the fifteenth vertebrae are 
closely packed together with the intemeural spines, and extending 
backwards support the dorsal fin ; while the haemal spines of the 
tenth to the sixteenth vertebraB are in close connection with the 
expanded interhaemal spines supporting the anal fin. The sixteenth 
vertebra gives off large neural and haemal spines, the former hav- 
ing five intemeural spines anchylosed with it as in the adult; 
while the haemal spine supports nine interhaemal spines, the lower 
one of which belongs to the anal fin, while the others are of the 
caudal chain. In the adult only seven interhaemal spines are con- 
nected with this haemal spine. The seventeenth vertebra in the 
adult lies in the caudal chain of interspinous bones, and, from its 
being separated from the vertebral column, has been as often con- 
sidered as an interspinous bone as a vertebra. In the young speci- 
mens this vertebra, though separated from the column as in the 
adult, has in close connection with it two bones above and two 
below, probably indicating that this vertebra is in reality the con- 
solidation of two vertebral bodies, the seventeenth and eighteenth ; 
while two other small (neural and haemal) bones posterior to this 
free vertebra indicate that a nineteenth vertebra existed at an 
earlier stage. These six neural and haemal (three each) bones 
disappear in the adult, and with them the central rays of the 
caudal fin ; and they and the seventeenth, eighteenth, and nine- 
teenth vertebrae are only represented by the free or “floating” 
seventeenth vertebra which lies in the chain of interspinous bones 
of the caudal. This is the only instance of a vertebra existing as 
distinctly separated from the vertebral column known to the 
author. 

A dissection of the soft parts of the young styows the same 
arrangement as in the adult ; the large liver extending in two lobes 
and enclosing the stomach and portions of the intestine, and the 
long intestine with its five or six folds. The arrangement of the 
bundles of muscles is the same as in the adult. 

On comparing these young wfith Molacanthus an entirely differ- 
ent structure is observed. First, the external form of Molacanthus 
differs greatly from Orthagoriscus ; the body is deeper than long in 
Molacanthus, while the reverse is the case in Orthagoriscus. There 
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are many largely developed spines on the former, and the skin is 
thin, silvery, and smooth between the spines. In the latter, the 
skin is thick ; the anterior portion is protected by small granula- 
tions, and the rest is covered with fine villous scales ; there are five 
singular naked spaces on each side, three of which have a raised 
granulated margin, and there is a similar raised space just in front 
of the dorsal fin. In Orthagoriscus, the dorsal and anal are closely 
connected with the caudal, which, in comparison with the adult, is 
largely developed in the young; while in Molacanthus no caudal fin 
can he traced, and the dorsal and anal are separated by a naked 
space (though all the figures of this fish, thus far published, repre- 
sent the dorsal and anal as united by a caudal, the row of small 
dermal spines at this portion having been mistaken for rays). The 
skeleton of Molacanthus shows the interspinous bones of the dorsal 
in connection with the neural spines of the fourth to seventeenth 
vertebrae, and those of the anal with the haemal spines of the 
tenth to seventeenth vertebrae. The vertebral column in Molacan- 
thus terminates abruptly with the seventeenth vertebra, and no 
caudal chain of interspinous bones can be traced. The liver is 
small, when compared with that of the young Orthagoriscus, and 
is composed principally of a large right lobe overlying the stomach. 
The stomach is small, and the intestine is short, making but two 
turns, like the letter S ; while in Orthagoriscus it is long, and has 
five or six turns, or coils. The arrangement of the muscles and 
the bones of the head are, in general, about the same as in Ortha- 
goriscus. 

Figure 1 is from a specimen of Molacanthus Palassii ,* natural 
size. This specimen was taken from the stomach of a dolphin 
caught in the North Atlantic, and belongs to the Boston Society 
of Natural History. 

Figure 2 is the young of Orthagoriscus ( Cephalus) ohlongus , 
copied from Harting’s Memoir. This specimen was taken from the 
stomach of a u Thon,” caught in the Atlantic Ocean, and is repre- 
sented of natural size. 

Figure 3 is from one of the young specimens of Orthagoriscus 
molay taken in Massachusetts Bay. Natural size. 

* The synonymy of these fish will be discussed in fall in the “ Memoirs of 
the Academy/’ The names now used are those under which the Bpecies are 
most generally known. 

Mr. Putnam’s paper will be published in full in a future number of the “ Me- 
moirs of. the Peabody Academy of Science/’ with seyeral plates, illustrating 
more fully the points mentioned in this abstract. 
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Figure 4 represents the adult form of Orthagoriscus mola from 
a drawing of a specimen taken in Massachusetts Bay in 1856. 
Length, forty-two inches ; width from tip of dorsal to tip of anal, 
sixty-four inches. This specimen was fully developed, and shows 
the characteristic “ nose ” of the older individuals, the backward 
position of the eye and the position of the fins. None of the pub- 
lished figures of the adult are very correct in their outline. The 
best is that of Harting, under the name of Orthagoriscus ozodura, 
in the M Transactions of the Academy of Amsterdam for 1868.” 
An intermediate stage between the young and the adult, here 
figured, is represented by the figures of Bloch, Donovan, and 
Yarrell. 


4. On the Condors and Humming Birds op the Equato- 
rial Andes. By James Orton, of Poughkeepsie, N. Y. 

The Condor has been singularly unfortunate in the hands of the 
curious and scientific. Fifty years have elapsed since the first 
specimen reached Europe ; yet to day the exaggerated stories of 
its size and strength are repeated in many of our text-books, and 
the very latest ornithological work leaves us in doubt as to its 
relation to the other vultures. No one credits the assertion of the 
old geographer, Marco Paulo, that the Condor can lift an elephant 
from the ground high enough to kill it by the fall ; nor the story 
of a traveller, so late as 1830, who declared that a Condor of 
moderate size, just killed, was lying before him, a single quill- 
feather of which was twenty good paces long! Yet the statement 
continues to be published, that the ordinary expanse of a full- 
grown specimen is from twelve to twenty feet; whereas it is 
very doubtful if it ever exceeds, or even equals, twelve feet A 
full-grown male from the most celebrated locality on the Andes, 
now in Yassar College, has a stretch of nine feet. Humboldt 
never found one to measure over nine feet; and the largest speci- 
men seen by Darwin was eight and a half feet from tip to tip. An 
old male in the Zoological Gardens of London measures eleven feet. 
Yon Tschudi says he found one with a spread of fourteen feet two 
inches ; but he invalidates his testimony by the subsequent state- 
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ment that the full-grown Condor measures from twelve to thirteen 
feet. 

The old names of Vultur gryphus , V. magellanicus , Gypagus 
gryffus , and ZopUotes , are obsolete, and Sarcoramphus gryphus is 
universally adopted. But it is not yet settled that it is generi- 
cally distinct from the other great vultures. Thus Sclater and 
Gurney put the Condor alone in Sarcoramphus ; while Gray and 
Strickland include the King Vulture ; and Vieillot and others add 
a third, — the California Vulture. The structure and habits ot 
the Condor, in our judgment, make it worthy to stand by itself. 
The King Vulture belongs more especially to the plains; while 
the California species has straggling feathers on its head, builds 
nests in trees where it perches, and its time of incubation is only 
one month. 

But a more important question, perhaps, is whether there is but 
one species. Associated with the Great Condor is a smaller vul- 
ture, having brown or ash-colored plumage instead of black and 
white, a beak wholly black instead of black at the base and white 
at the tip, and no caruncle. It inhabits the high altitudes, and is 
rather common. This was formerly thought to be a distinct spe- 
cies, but lately ornithologists have pronounced it the young of the 
Sarcoramphus gryphus . We wish this decision to be reconsid- 
ered, for there is some ground for the belief that the first im- 
pression is correct ; that the w Gondorpardo ” (as the brown kind 
is called by the natives) is specifically distinct from the greater 
M Condor negro.” They are always spoken of as separate kinds at 
Quito, where certainly it would be known if one were the young 
of the other. 

Mr. John Smith, an Englishman of intelligence and acute obser- 
vation, and a resident of nearly twelve years on the slope of Anti- 
sana, where both kinds abound, said to us : 44 I have heard it said 
that the Brown Condor is the young of the Black. It cannot pos- 
sibly be, for I have seen young Condors with white beaks and a 
few white feathers in their wings. I have also seen old Condors 
with carbuncles on the head (which are said to come from age 
alone), and black beaks, and the body brown or ash-colored all 
over.” Bonaparte, in his 44 American Ornithology,” gives a care- 
ful drawing of a young male, with a crest, and with white patches 
on its wings, — both features wanting in the Brown. Lieutenant 
Gilliss declares, as the result of his observations on the Chilian 
Andes, that the brown kind is a different species. Further proof 
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is wanted ; but it is quite probable that another species must be 
added to the genus Sarcoramphus. 

The ordinary habitat of the Royal Condor is between the alti- 
tudes of 10,000 and 16,000 feet. The largest seem to make their 
home around the volcano of Cayambi, which stands exactly on the 
equator. In the rainy season they frequently descend to the coast, 
where they may be seen roosting on trees ; on the mountains they 
very rarely perch (for which their feet are poorly fitted), but stand 
on rocks. They are most commonly seen around vertical clifis, 
where their nests are, and where cattle are most likely to fell. 
Great numbers frequent Antisana, where there is a great cattle 
estate. Flocks are never seen except around a large carcass. It 
is often seen singly, soaring at a great. height in vast circles. Its 
flight is slow and majestic. Its head is constantly in motion as if 
in search of food below ; its mouth is kept open, and its tail spread. 
To rise from the ground, it must needs run for some distance, then 
it flaps its wings three or four times and ascends at a low angle till 
it reaches a considerable elevation, when it seems to make a few 
leisurely strokes, as if to ease its wings, after which it literally sails 
upon the air. In walking, the wings trail on the ground, and the 
head takes a crouching position. It has a very awkward, almost 
painful gait. From its inability to rise without running, a narrow 
pen is sufficient to imprison it. Though a carrion bird, it breathes 
the purest air, spending much of its time soaring three miles above 
the sea. Humboldt saw one fly over Chimborazo. We have 
seen them sailing at least a thousand feet above the crater of 
Pichincha.* 

Its gormandizing power has hardly been overstated. We have 
known a single Condor, not of the largest size, to make way in one 
week with a calf, a sheep, and a dog. It prefers carrion, but will 
sometimes attack live sheep, deer, dogs, etc. The eye and tongue 
are favorite parts, and first devoured ; next the intestines. We 
never heard of one authenticated case of its carrying off children, 
nor of its attacking adults except in defence of its eggs. Von 
Tschudi says it cannot carry, when flying, a weight of over ten 
pounds. In captivity, it will eat every thing except pork and 
cooked meat. When full fed, it is exceedingly stupid, and may 
be caught by the hand; but at other times it is a match for the 
stoutest man. It passes the greater part of the day sleeping, more 

* One of the peaks of Pichincha is called in the Inca language amtwr guachana, 
or “ Condor's nest." 


Digitized by <^.ooQle 



ZOOLOGY. 


263 


often searching for prey morning and evening than at noon, — 
very likely because objects are then more distinctly seen. 

It is seldom shot (though it is not invulnerable as once thought), 
but is generally trapped or lassoed. Prescott, in his w Conquest of 
Peru,” vol. i. p. 384, speaks of “ the great bird of the Andes, — 
the loathsome condor, who, sailing high above the clouds, followed 
with doleful cries in the track of the army.” But the only noise it 
makes is a hiss like that of a goose. The usual trachial muscles 
are wanting. 

It lays two white eggs, three or four inches long, on an inacces- 
sible ledge. It makes no nest proper, but places a few sticks 
around the eggs. By no amount of bribery could we tempt an 
Indian to search for Condors’ eggs ; and Mr. Smith, who had 
hunted many years in the Valley of Quito, was never able to get 
sight of an egg. Incubation occupies about seven weeks, ending 
April or May.* The young are scarcely covered with a dirty white 
down, and they are not able to fly till nearly two years. D’Or- 
bigny says they take the wing in about a month and a half after 
being hatched ; a manifest error. They are as downy as goslings 
until they nearly equal in size a full-grown bird. Darwin was told 
they could not fly for a whole year. The white frill at the base of 
the neck, and the white feathers in the wings, do not appear until 
the second plumage, or until after the first general moulting, 
during which time they lie in the caves, and are fed by their eiders 
for at least six months. Previous to this the frill is of a deep gray 
color (Gilliss says “light blue-black”), and the wing-feathers 
brown. 

The head, neck, and front of the breast are bare, indicative of its 
propensity to feed on carrion. The head is elongated, and much 
flattened above. The neck is of unusual size, and in the male the 
skin lies in folds. The nostrils are oval and longitudinal, but in 
the male they are not so much exposed as in the other sex, since 
the caruncle forms an arch over them. The olfactories, however, 
seem to be well developed. Yet the Condor, though it has neither 
the smelling powers of the dog (as proved by Darwin), nor the 
bright eye of the eagle, somehow distinguishes a carcass afar off. 
The color of the eye is variously given : by Latham, as nut-brown ; 
by Cassell, as purple, and by Bonaparte, as olive-gray ; but Gur- 
ney, in his “Raptorial Birds in the Norwich Museum,” states it 
correctly as pale-brown in the male, and carbuncle-red in the 

* In Patagonia, according to Darwin, much earlier, or about February. 
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female, — a singular difference between the sexes. In young birds 
the color is dark-brown, which changes with change of plumage. 
They are peculiarly elongated, not sunken in the head as the eagle’s, 
and very far back, being an inch and a half behind the gape, while 
those of the eagle are directly over it. The bill is shorter and 
weaker than the eagle’s, and the decurved tip of the upper mandi- 
ble only one-third as long. The tongue is canaliculate, with ser- 
rated edges, which obviously assists in deglutition, as the head is 
never raised to swallow food. The caruncle and wottle are wanting 
in the female. The downy ruff is more prominent in the male, but 
in neither sex completes a circle. The primaries are black, the third 
and fourth being equal and longest, — a feature wanting in the Old 
W orld vultures. The secondaries are exteriorly edged with white. 
The tail is of twelve feathers, black and even. Legs feathered to 
the tarsus. Toes united by a small membrane ; the middle one is 
excessively long; the third one comparatively undeveloped, by 
which the foot is rendered less prehensile than that of other Rap- 
tores. Claws blunt, as might be expected from its habit of stand- 
ing on the rocks ; nor are sharp talons wanted, as it seldom seizes 
living prey. The nail of the hind toe is more curved than the 
other three, but far less than the talons of the eagle. The female 
Condor is smaller than the male, an unusual circumstance in this 
order, the feminine eagles and hawks being larger than their mates. 

Our knowledge of the habits and economy of the Trochilid© 
is very meagre. The relationship between the genera is not 
clear, and one species is no more typical than another. The only 
well-marked divisions we can discover are those adopted by Gould 
and Gray, — the PhaethomithuuB and Polytminae. The former, 
popularly called “Hermits,” are dull colored, and frequent the 
dense forests. They are more numerous on the Amazon than the 
other group; and I know of no specimen from the Quito Valley, 
or from any altitude above 10,000 feet. They usually build long 
purse-like nests of vegetable fibres, covered with lichens and lined 
with silk cotton, and hung from the extremities of leaves over 
watercourses. 

The Polytminge comprise the vast majority of the Humming 
Birds, or nearly nine-tenths. They delight in sunshine, and the 
males generally are remarkable for their brilliant plumage. The 
diversified slope of the Andes are more favorable for their develop- 
ment than the uniform plains. Their headquarters seem to be in 
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New Grenada ; but the precise distribution of the species is not so 
well known as it might be. Near the equator the species are 
nearly stationary ; some, as the Oreotrochilus y are confined to par- 
ticular volcanoes, or an area of a few square miles. There is, there- 
fore, greater need of determining the precise locality of a speci- 
men ; yet, in the best monograph on tKe Trochilidae (Mr. Gould’s), 
species are assigned to such indefinite regions as Ecuador, Peru, 
etc. But Ecuador ascends from the sea coast to 20,000 feet, and 
is traversed by two Cordilleras and a plateau, making three very 
distinct districts; the faunaB of the west slope, the Quito Valley, 
and the Napo Country, being, with less than half a dozen excep- 
tions, entirely separate. Of the four hundred and thirty known 
species of Hummers, twenty-seven are found in and around the Val- 
ley of Quito, thirty-seven on the Pacific slope, and twenty on the 
oriental side of the Andes, — making a total of eighty-four, or 
about one-fifth of the family, within the Republic of Ecuador. The 
paucity of Hummers south of the equator, in comparison with the 
number on or just above the line, has been accounted for by the 
fact that the dry and sterile plains of Peru and the barren pampas 
of La Plata are unsuited to insect, and therefore to Humming Bird, 
life. This cannot be the whole reason ; for there are myriads more 
of insects on the Lower Amazon than on the Andes, yet there are 
not fifteen species east of Egas, or the last 1,500 miles. If the 
wanton destruction of Humming Birds for mere decorative pur- 
poses continues for the next decade as it has during the last, sev- 
eral genera may become utterly extinct. This is evident when we 
consider that many a genus is represented by a single species, 
which species has a very circumscribed habitat, and multiplies 
slowly, producing but two eggs a year ; and that at Nanegal, e. < 7 ., 
a famous locality near Quito, it was possible ten years ago to shoot 
sixteen or eighteen per. day, while now it is hard to get half a 
dozen. 

Nidification is uniform at the same altitude and latitude. In the 
Valley of Quito it occurs at about the close of the rainy season, or 
April. The nest is built in six days, but one egg is laid before the 
nest is finished. The usual height of the nest above the ground is 
six feet. Some, like that of our northern species, are cup-shaped 
and placed in the fork of a branch ; others are hung like a ham- 
mock by threads or spiders’ webs to trees or rocks ; while the long- 
tailed Xesbia constructs a purse-shaped nest resembling those of 
the Phaethomithinae on the Amazon. Like the “hermit” Hum- 
A. A. A. 8. VOL. XIX. 34 
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mere of the lowlands, the Purple-eared {Petasophora iolata) alone 
of the Quito species hangs its nest over ^ stream of water. As 
to the materials of the nest, I have noticed a fact which I cannot 
explain : our northern Hummer glues lichens all over the outside ; 

N so do a number of species in Brazil, Guiana, etc.; but in the Val- 
ley of Quito, moss is invariably used ; not a particle of lichen 
have we seen on any nest, though lichens abound* Air. Gould 
mentions a nest which, being heavier on one 6ide than the other, 
was weighted with a small stone to preserve the equilibrium. A 
few Hummers, as the Olaucis of the lowlands, lay but a single egg ; 
but the usual number is two, and they are always of a pinkish hue 
when freshly laid. The spotted egg of a species on the Upper 
Amazon, noticed by Edwards, has not been seen by other observ- 
ers. The time of incubation at Quito is twelve days, varying a 
day more or less according to the weather. There is but one brood 
a year, as with T. colubris , in our Northern States. But in our 
Southern States, and in Brazil, there are generally two. Drapiez 
says “sometimes four broods,” but we conjecture that this is a 
mistake. 

No insessorial bird seeks its food at so great an elevation as the 
Oreotrochilu8 . t This has been seen clinging to the volcanic cliffs 
of Chimborazo ; but no other Hummer has been observed to alight 
on the ground, for which, in fact, their sharp, hooked nails are ill 
fitted. Of the sixteen genera represented in the Valley of Quito, 
the average length of the bill is three-fourths of an inch ; and the 
most numerous plants are the Compositae, Scrophulariace©, and 
Labiatae. The curved-billed JEutoxeres is usually seen around the 
fuschias or the scales of the palms, seeking for spiders. The Orto- 
trochilus feeds its young by bringing them flowers of the myrtle ; 
then throwing them away, it goes for more. As Bates has said, 
Hummers “ do not proceed in that methodical manner which bees 
follow, taking the flowers seriatim^ but skip about from one part 
of the tree to another in the most capricious way.” No other ver- 
tebrate has a tubular tongue, an organ adapted for gathering both 
insects and honey, t No other family of birds contains so many 

* A similar variation is seen in the nests of the chimney-swallows : our spe- 
cies ( Chcetura pdasgia) builds of twigs glued together with saliva; while its 
Quito representative ( C. rutila) builds of mud and moss. 

f We have seen flies on Pichincha at the height of nearly 16,000 feet 

$ Dr. Crisp contends that the bifid portion of the tongue is not hollow, but is 
composed of solid cartilaginous material. The same anatomist also asserts, in 
opposition to the opinion of Professor Owen, that the bones of the Hummer, like 
those of the swallow, do not contain air. 
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species ; nor has any other group such varied forms of bill, — com- 
pare the short bill of the Ramphomicron, one-third of an inch, and 
the six-inch bill of the Docimasles ; the bill of the JEJutoxeres , bent 
downward into a semicircle, and that of the Avocettvla, turning 
upwards. To an unequalled splendor of plumage, — resembling 
laminsB of topaz and emerald, — Nature has not added the gift of 
song. Its ordinary cry is a shrill chirik , uttered by the males in 
their petty quarrels. The 44 warbles ” ascribed to the MeUisuga 
and OreotrochUu8 need to be heard again to be credited. 


5. On the Relations op the Orders of Mammals. By 
Theodore Gill, of Washington, D. C. 

(Abstract) 

In order to render at once appreciable the course which I have 
followed in my studies, I would enunciate the guiding principles by 
which I have been influenced. These were five : — 

1st, Morphology is the only safe guide to the natural classifica- 
tion of organized beings; teleology, or physiological adaptation, 
the most unsafe and conducing to the most unnatural approxima- 
tions. 

2d, The affinities of such organisms are only determinable by 
the sum of their agreements in morphological characteristics, and 
not by the modifications of any single organ. 

3d, The animals and plants of the present epoch are the deriv- 
atives, with modification of antecedent forms to an unlimited 
extent. 

4th, An arrangement of organized beings in any single series is, 
therefore, impossible ; and the system of sequences adopted by 
genealogists may be applied to the sequence of the groups of 
natural objects. 

5th, In the appreciations of the value of groups, the founder of 
modern taxonomy (Linnaeus) must be followed, subject to such 
deviations as our increased knowledge of structure necessitates. 

The adoption of such principles compels us to reject such sys- 
tems as are based solely on modifications of the brain, those of the 
placenta, and those of the organs of progression, such modifica- 
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tions not being coincident with corresponding modifications of 
other organs, and therefore not the expressions of the sum of 
agreements in structure. 

Commencing with the highest forms of Mammals, we have, by 
universal consent, the Primates. This Linnaean order, purged of 
the Chiroptera referred to it by its founder, includes man, the mon- 
keys, and the lemurs, with their respective allies. It is divisible 
into two suborders, the Anthropoidea and the Lemuroidea. 

The subjects of the next highest group are not so universally 
recognized ; but the Ferae, or Carnivora, on account of the nature 
of the skeleton, the development of the brain, and the organs for 
the perpetuation of their kind, seem to be most entitled to that 
rank. This order seems to embrace as suborders the ordinary gres- 
sorial Carnivora (Fissipedia) and the Pinnipedia, or Seals, Wal- 
rus, etc. 

An extinct type — the Zeuglodontes — is related on the one 
hand to the Seals, and on the other to the toothed Cetaceans. 
The relation with the latter is, however, the most intimate ; and it 
may be combined with them and the whale-bone whales into one 
order, — the Cete, — of which each form represents a suborder. 
The relations of the order with the Ferae is only masked by the 
extreme teleological modifications. 

As derivatives from the same primitive stem as the Ferae, the 
Insectivora may be placed next in order. The affinity of the Chi- 
roptera to that order is now universally recognized, notwithstand- 
ing the extreme teleological modification of its anterior members. 
The Ungulata are probably the derivatives from the same com- 
mon stock as the Fer© ; the development of the brain, organs of 
generation, etc., indicate their comparatively high rank. Next 
may be placed the Glires or Rodents, and, last of the Placental 
Mammals, the Edentata, the structure of the skeleton and espe- 
cially of the skull, the organs of generation, etc., appearing to 
indicate, with sufficient distinctness, that thus degraded are their 
rank. 

The relations of the subclass Didelphia with its single order 
Marsupialia, and of the subclass Omithodelphia with another 
unique order, Monotremata, are now recognized beyond dispute. 

Resuming now the consideration of the sequence by linear 
series, we may approach, by normally specialized forms, the more 
generalized of each series ; and thence, in such cases as are neces- 
sary, diverge in another direction to the abnormally specialized. 
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We would then have something like the series thus represented on 
the blackboard (some suborders being omitted), the index hands 
representing the respective nature and direction of the groups. 

SUBCLASS MONODELPHIA. 

I. — PRIMATE SERIES. 

Order Primates. 

Suborder Antkropoidea. Suborder Lemur oidea. 

H. — FERAL SERIES. 

Order Feile. 

Suborder Fissipedia . JF3 Suborder Pinnipedia . 

Order Cete. 

Suborder Zeuglodonies . Suborder Odontocete . Suborder Mysticcte. 

HI. — INSECTIVOROUS SERIES. 

Order Insectivora. Order Chiroptera. 

IV.— UNGULATE SERIES. 

Order Ungulata. 

Suborder Artiodactyla . Suborder Perissodactyla . 

Order Hyracoidea. | Order Proboscidea. SF** Order Sirenia. 

V. — RODENT SERIES. 

Order Glires. 

Suborder Simplicidentaia. Suborder Duplicidentata, 

VI.— EDENTATE SERIES. 

Order Bruta, or Edentata. 

SUBCLASS DIDELPHIA. 

Order Marsupialia. 

SUBCLASS ORNITHODELPHIA. 

Order Monotremata. 

Any orders than those admitted seem problematical, and the 
adoption of an order Bimana for man alone — much more a sub- 
class — seems to be opposed by every sound principle of Taxon- 
omy. There is scarcely a proposition in biology more demon- 
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strable than that man is the derivative from the same immediate 
stock as the higher anthropoid apes, and probably after the culmi- 
nation to nearly the same extent as at present of the differentia- 
tion of the order into families and subordinate groups. 


6. On the Early Stages of Discina. By Edward S. Morse, 
of Salem, Mass. 

(Abstract). 

Referring to his communication of last year on the a Early 
Stages of Terebratulina,” and the evidences then adduced of the 
proofs of the close relations existing between the Brachiopoda and 
the Polyzoa, he said that an examination of the early stages of 
Discina showed the same simple lophophore, sustaining a few cirri, 
the stomach hanging below, and other features in which a resem- 
blance was seen. 

The perivisceral wall is made up of two layers of muscular 
fibres, which cross each other, giving the wall a reticulated appear- 
ance. 

While the young shell has an elliptical outline, there is marked 
out a perfectly circular area, indicating that at the outset the em- 
bryo possesses a circular plate above and below. The muscles 
were very large, and occupied a greater portion of the perivisceral 
cavity. The set® fringing the mantle were very long, those pro- 
jecting from the anterior margin being three times the length of 
the shell. 

These setae were lined with setellae. 

The mantle margin, the blood lacunae, and the bundles of mus- 
cular fibres to move the setae were all described. 

He was indebted to Professor A. E. Verrill for the specimens 
examined. 
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7. On the Organization op Lingula and Discina. By Ed- 
ward S. Morse, of Salem, Mass. 

As many of the facts were referred to more particularly in his com- 
munication on the “Brachiopoda as a Division of the Annelida,” 
the author would only record some of the more prominent points 
brought out under this head. He confirmed Carl Semper’ s view 
regarding the circulation of Lingula ; viz., that by ciliary motion. 
The perivisceral cavity appeared to be in direct communication 
with the lacunae of the mantle and with the cavity of the peduncle. 
The circulation was voluminous and rapid : no trace of pulsation 
could be detected. The fluid was not blood proper, but chyle- 
aqueous ; and distinct from this was found the little vessel upon 
the dorsal surface of the intestine, as pointed out by Hancock, and 
called by him the heart. 

From repeated examination of the oviducts, he could state posi- 
tively regarding the nature of these organs. The internal mouth 
was plaited and turned towards the sides ; the remaining portion of 
the oviduct was reddish in color, and glandular, and probably per- 
formed a renal function as in similar organs among the annelids. 

The sexes were separate. The coiled arms had a limited power 
of motion. The coils could be raised or depressed, and the axis of 
the coil could be at right angles to the longitudinal axis of the 
body or parallel to it. 

The contents of the stomach were found in all the lobules of the 
liver, indicating that the food circulated in these hepatic prolonga- 
tions, as in the annelids. IJpon young Lingula a perfectly circular 
area could be seen near the beak of the shell : this, indicated the 
form of the embryo shell, and coincided with that of Discina. 
The movements of living Lingula pyramidata, upon which these 
observations were made, were described. As they live in the sand 
upright, their peduncle encased in a sand tube, it was interesting 
to notice a modification in their habits when confined in a bowl. 
In a short time after confinement, they had built new tubes, which 
adhered to the bottom of the bowl through their whole length. 
They would extend from these tubes, or withdraw when alarmed. 
All of the specimens he had brought from North Carolina in May 
were alive at this date, August 19th. They had been confined in 
a small bowl, with a little sand, and the water changed every two 
or three days. This vitality was suggestive, since Lingula had 
existed from the earliest geological ages to the present time. 
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A live specimen was exhibited to the members, with the state- 
ment that he had carried all his living specimens to Eastport, Me., 
and they had there been subjected to the chilling waters of that 
region ; that the specimen he had with him had been brought in a 
little jar containing sea water ; and that a bottle of sea water had 
been brought to Troy, so that the water could be changed. 

In describing Discina, he mentioned in detail the muscular, 
alimentary, circulatory, and reproductive systems. The oviducts 
were very conspicuous, and had broad, trumpet-shaped mouths. 
The arteries of Hancock he believed to be nerves, as Professor 
Owen first described them to be. He found them arranged pre- 
cisely as in Lingula, and in Discina had traced them to their ter- 
mination in thfe posterior occlusor muscles. 

Dr. Gratiolet had also been led to the same conclusions regard- 
ing the nature of these supposed arteries, from a careful study of a 
species of Lingula. 


8. The Brachiopoda, a Division of Annelida. By Edward 
S. Morse, of Salem, Mass. 

Reference was first made to the branch of Mollusca, as it was 
understood forty years ago, when, misled by external characters, 
many worms, like Serpula and Spirorbis, and a group of Crusta- 
ceans, the Cirripedia, were included with Mollusks, and yet from a 
proper recognition of their characters these diverse forms had been 
eliminated from time to time, and referred to their proper branches. 
After long and careful study, Mr. Morse was prepared to state that 
the Brachiopods were true Articulates, and not Mollusks, and that 
their proper place was among the worms, forming a group near 
the tubicolous Annelids. # 

He stated that for the past year he had been deeply engaged in 
the study of the Brachiopoda, and more particularly their early 
stages. Beside material from the coast of New England, he had 
had, through the kindness of Professor A. E. Yerrill, a large lot of 
Discina from Callao, Peru, belonging to the Yale College Museum. 
From these he had studied their early stages, but, as he had in 
preparation a memoir upon the subject* he would now confine him- 
self to the considerations that follow. 
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He first spoke of the structure and composition of the Brachio- 
pod shell, and pointed out the relations between the ccecal prolon- 
gations of the mantle in Terebratula and a similar structure in the 
skin of the worms. He had submitted the shell of Discina to 
chemical tests, and believed it to be chitinous. Gratiolet had 
already given the chemical analysis of Lingvla anatina , and found 
forty-two per cent of phosphate of lime, and only six per cent of 
carbonate of lime. The position of the valves of all Brachiopoda 
were dorsal and ventral, and this was a strong articulate character 
to be compared to the dorsal and ventral plates of the Articulates. 
The horny set© that fringe the mantle of Brachiopods was a 
feature entirely absent in the Mollusca, and peculiar to the 
worms. 

The bristles of worms differ from those of other articulate ani- 
mals in having sheaths containing muscular fibre, while in other 
Articulates the hairs were simply tubular prolongations of the 
epidermal layer. In Brachiopods the set©, or bristles, were secreted 
by follicles, imbedded or surrounded by muscular fibres, and were 
moved freely by the animal. In the structure of the set©, he 
found an identity with that of the worms. He then called atten- 
tion to the resemblance between the lophophore of the Brachio- 
pods and a similar structure in the tubicolous worms. In Sabella 
the cephalic collar was split laterally, and a portion of it reflected. 
Let this collar be developed so as to cover the fringed arms, and a 
representation of the mantle of Brachiopoda would be attained. 
The thin and muscular visceral walls suggest similar parts in the 
worms. The circulating system he had not sufficiently studied, 
though Dr. Gratiolet had stated that in this respect there was a 
strong resemblance to the Crustacea. 

In regard to the respiratory system, Burmeister had shown that 
there was a resemblance between the soft folds, or lamell©, de- 
veloped on the internal surface of the mantle of Balanid©, and 
similar features in Lingula ; though the existence of these folds in 
Lingula had been questioned, he would presently show that Vogt 
was right in his observations. In regard to the reproductive 
system, he called attention to the fact that in one group of Cirri- 
peds the ovaries were lodged in the upper surface of the peduncle, 
while in another group the same parts were lodged in the mantle. 
A similar condition existed in the Brachiopods, where in one group 
the mantle holds the ovaries, while in another group they are 
found in the visceral cavity. 

A. A. A. 8. VOL. XIX. 35 
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Through Polyzoa also he showed that, in their winter eggs or 
statoblasts, a relation was seen to the ephippia of Daphniae, and 
the winter eggs of Rotifers. 

Of great importance also, and upon which he laid particular 
weight, were the peculiar oviducts with their trumpet-shaped 
openings so unlike the oviducts of Mollusks, and, as he believed, 
bearing the closest affinity to the oviducts in many of the worms ; 
namely, a pair of tubes, and in one case two pairs, having their 
inner apertures with flaring mouths, suspended in the visceral 
cavity, thus opening a direct communication between the visceral 
fluids and the surrounding media. He then called attention to 
what little information we had regarding the embryology df the 
Brachiopods. Lacaze-Duthiers had shown that in Thecidium the 
embryo was composed of four segments with eye-spots and other 
strong articulate features. Fritz Muller had given a description, 
with figures, of the early stage of Discina, in which we have not 
only little cirri projecting from the shell, but a little appendage re- 
calling the plug or operculum in some of the tubicolous worms. 

Of great importance also was the fact that, in the early stage of 
Discina, Muller observed large bristles, and these were moved 
freely by the animal. Smitt had shown that in certain Polyzoa 
(Lepralia) the embryo, besides being furnished with cilia, also sup- 
ported several bristles, or set®, which were locomotive ; and finally, 
in the worms, Claparede and Mecznikow had figured an embryo 
of Nerine in which barbed bristles were also developed. Mr. Morse 
referred to his communication before the American Association for 
the Advancement of Science on the w Early Stages of the Brachi- 
opods,” in which he had shown the intimate connections existing 
between this group and the Polyzoa. Now Leuckart had already 
seen reasons for placing the Polyzoa with the Annelids ; and he 
would call attention to Crepina gracilis and Phoronis hippo - 
crepia , admitted to be worms, or early stages of them, and their 
close resemblance in nearly every point of their structure to the 
hippocrepian Polyzoa. Mr. Morse then stated that, in the evidence 
already given, he had drawn his conclusions from alcoholic speci- 
mens of Terebratula and Discina, and from the papers of Lacaze- 
Duthiers, Claparede, Mecznikow, Hancock, Huxley, Vogt, Hyatt, 
Williams, De Morgan, and others. He felt the importance of first 
examining Lingula in a living condition before making these an- 
nouncements ; and for this reason he had recently visited the coast 
of North Carolina for the express purpose of finding, if possible, 
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the rare Lingula pyramidata of Stimpson, first discovered by Pro- 
fessor Agassiz in South Carolina. After nearly a week’s fruitless 
search he had found it, had studied it alive, and had brought with 
him living examples, which he has the pleasure of exhibiting 
before the Association. 

He would here express his deep sense of gratitude to Dr. Elliott 
Coues, Surgeon U. S. A., at Fort Macon, N. C., and the Com- 
mandant of the Post, Major Joseph Stewart, U. S. A., for the con- 
stant aid and sympathy rendered to Dr. A. S. Packard and himself 
during their visit there. He would not enter into a description of 
Lingula, as he had already in preparation a memoir upon the sub- 
ject, *but would call attention simply to the additional evidence in 
support of the views advanced. 

Lingula was found in a sand shoal at low-water mark, buried 
just below the surface of the sand. The peduncle was six times 
the length of the shell, and was encased in a sand tube differing in 
no respect from the sand tubes of neighboring annelids. In many 
instances the peduncle was broken in sifting them from the sand, 
yet the wound was quickly repaired, and another sand case was 
formed. 

He observed that Lingula had the power of moving over the 
sand by the sliding motion of the two valves, using at the same 
time the fringes of setae which swung promptly back and forth like 
a galley of oars, leaving a peculiar track in the sand. In the 
motion of the set© he noticed the impulse commencing from be- 
hind, and running forward. 

Within the mantle he found a series of rows of prominent 
lamell© in which the blood rapidly circulated, thus confirming the 
correctness of Vogt’s observations. These lamell© were contrac- 
tile, however. 

The peduncle was hollow, and the blood could be seen coursing 
back and forth in its channel. It was distinctly and regularly con- 
stricted or ringed, and presented a remarkably worm-like appear- 
ance. It had layers of circular and longitudinal muscular fibre, 
and coiled itself in numerous folds, or unwound at full length. It 
was contractile also, and would quickly jerk the body beneath the 
sand. But the most startling observation in connection with this 
interesting animal was the fact that its blood was red. This was 
strongly marked in the gills and various ramifications of the mantle, 
and in the peduncle. At times the peduncle would become con- 
gested, and then a deep rose blush was markedly distinct. Mr. 


t 


Digitized by 


Google 



276 


B. NATURAL HISTORY. 


Morse expressed his gratification in having come to the conclusions 
in regard to the annelidan characters of Brachiopods a long time 
previous to his observations on Lingula. 

He then concluded by stating that the Brachiopods should be 
removed from the Mollusca, and placed with the Articulates 
among the Annelids ; that the Brachiopods came near the tubi- 
colous worms, though they were much more highly cephalized ; 
that they exhibit certain crustacean characters, but were widely 
removed from the Mollusca. 

It was interesting in this connection to note that Gegenbaur, in 
the second edition of his u Outlines of Comparative Anatomy,” 
just published, had removed the Polyzoa and Tunicates from the 
Mollusks, and placed them with the Vermes, and that many other 
European naturalists were also demonstrating the worm-like char- 
acters of the Polyzoa. 

He believed the Brachiopods to be a comprehensive type, ex- 
hibiting general articulate features, and forming another example 
of those groups belonging to the past that exhibit the characters 
of two or more classes combined. 

It was interesting in this connection to remark that Lingula, 
one of the earliest forms created, had yet remained the same 
through all ages of the earth’s history. 


m. BOTANY. 

1. The Law op Fasciation, and its Relation to Sex in 
Plants. By Thomas Meehan, of Germantown, Penn. 

At the last meeting of the Association Dr. Sterry Hunt handed 
me a fasciated branch of Picea balsamea , in which the branchlets of! 
the fascicle presented a very distinct appearance from the normal 
form. In the language of the person who directed Dr. Hunt’s at- 
tention to it, “ it seemed as if a Norway spruce was being developed 
from the Balsam Fir.” From facts I had previously observed and 
embodied in my paper on “ Adnation in Coniferae,” read at Chicago, 
it was clear that these branchlets did not possess the adnating power 
which I showed in that paper to be characteristic of the highest 
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vigor. The leaves were not distichous, but scattered around the 
weak stems, terete, and in every respect like those on plants in the 
young seedling state ; and corresponding in this character with 
the free leaves in arbor-vitae, juniper, and similar plants, when the 
branches are forced to grow in shady places, or under other condi- 
tions unfavorable to perfect nutrition. I was astonished at the 
suggestion that fasciation could possibly be a weakness of develop- 
ment, because, though very little has been written about this phe- 
nomenon, all that I have read refers to over-nutrition as the 
probable cause. I believe I can now offer some facts which will 
show that there are two distinct causes of fasciation, — one an 
abundant supply of nutrition, which consolidates together parts 
normally free, as we often see in asparagus, plantains, dandelions, 
and other common things ; the other a weakened flow of vitality, 
which is not able to combine parts together which usually go to 
make up the integrate structure, and which take the form known 
amongst the people generally as “ crow’s nest branches.” 

That the last cause was probable in the case before me I saw, as 
I have already stated. I found several specimens on living trees 
of Balsam Firs near me, similar to the one given to me by Dr. 
Hunt, and. watched them frequently. That they were weak de- 
velopments was clear from the fact that they made little more than 
an inch of growth every year ; that the leaves, usually of a dark 
green, were of a paler hue ; and that they were destroyed by the 
first frosts of autumn, becoming as deciduous as the larch while the 
regular leaves continued evergreen, and many of the fasciated shoots 
died during the course of the winter. The pale tint was evidence of 
defective nutrition, as it is well known to every practical gardener 
that, when from any cause the fibres of a plant become injured, 
and the free supply of sap from any cause, as by ringing the bark, 
is cut off from the leaves, they become of a pale sickly hue. It was 
also evident, from the inability of the fascicle to keep its leaf green 
and some of its brancblets alive during winter, that vitality was at 
q low stage. 

I examined the fasciated branches on other kinds of trees, and 
found these general results in all ; but in none so well illustrated 
as in a sassafras tree, which had nearly all of its branches in this con- 
dition, one of which I exhibit. Another tree was alongside of it 
quite free from this character. The one with the fasciated branches 
was not nearly so large as the other, although there appeared no 
reason in soil or other circumstances why it should not be. A 
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great number of the branchlets in the fascicles also died out every 
winter. 

I was very anxious to find how these fasciated branches would 
behave in a state of inflorescence, but could not find any case of 
one bearing flowers. At length I discovered them in the common 
blackberry ( Itubua v%Uo8us) y and was pleased to find that they not 
only confirmed the view I had taken of the cause of this kind of 
fasciation, but also furnished, in the most unexpected manner, new 
facts in favor of my theory of last year respecting sex ; namely, 
that the male is the offspring of a declining vitality. These fhsci- 
ated branches in Rubus I am inclined to think common, and it will 
be very easy to verify the following facts : — 

In these fasciated branches the number of branchlets varies from 
five to fifteen. The pale tint characteristic of failing nutrition is 
particularly marked ; while the lower leaves die away earlier than 
in those branches on the same cane produced in the regular way. 
That the whole of these leaves will fall first I anticipate, but can- 
not speak from actual knowledge. Here are perfect evidences of 
failure of nutrition, decreased vitality, and fasciation all going 
along together. 

Now, in its relation to sex, I pointed out in my paper on this 
subject, last year, that the flower-bearing parts of plants were weak 
in proportion as they diverged from the feminine condition. In a 
polygamous plant, the pistillate flower is on the stoutest axis ; the 
hermaphrodite, the next ; the male, the weakest. So also in the 
grades of masculine weakness. When the male flowers had their 
stamens reduced to petals, the plant, or axis of the plant, was 
weaker than before ; and when the sepals took on the nature of 
leaves, or the leaves lost their chlorophyllous character and 
simulated petals, vitality was well known to horticulturists to be 
in a weaker state than before. 

Here are the same illustrations. As you see, in this specimen, the 
lower branches, pushing in the usual way, have the regular calyx 
segments ; but, in the upper set of fasciated ones, the segments 
have taken on a leaf-like form, the stamens have increased in size, 
and the pistils, as shown by the great number in the flowers which 
have failed to swell out their ovaries, are proportionately defective. 
A tendency to masculinity is clearly in connection with defective 
nutrition, decreased vitality, and fasciation. 

I saw this, however, still more clearly demonstrated in a field of 
a cultivated variety of blackberry, — the Willson’s Early, — on the 
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farm of Mr. Wm. Pany, of Cinnaminson, New Jersey. His son, 
Charles, an intelligent and observing young man, called my atten- 
tion to the fact that wherever these fascicles occurred the flowers 
were nearly double and no fruit followed. I found this to be the 
case so far as the flowers were concerned. In some there were as 
many as twenty petals, and the calycine segments were largely 
foliaceous. There could not be clearer illustrations of masculinity 
and fasciation going along together. 

Returning to fasciations of the “crow’s nest” kind, we may 
then safely say that they are bundles of branches formed from 
germs, which, if nutrition had been sufficient to provide the 
required vitality, would have adnated together, and formed one 
vigorous, united axis, instead ofj as now, each struggling on in its 
own weak way. 

I am aware that this conclusion may conflict with received theo- 
ries as to the formation of axis or stem. It would seem to imply 
that one perfect branch is but a collection of smaller homogeneous 
ones. I sometimes see cases which indicate that this may be so. 
I have here a portion of a cane of Unbus occidentalism At the 
base it is no thicker than the average of other canes ; but near the 
middle of its length it has separated into four smaller canes. It has 
been usual to regard these cases as the result of an early and acci- 
dental union of several points ; but in this case there is no increase 
in bulk, nothing but clear assumption to warrant any such theory. 
On the contrary, every appearance suggests, — not that the union 
of branches is the accident, but that that is the normal condition, 
and that it is the division into the fasciated branchlets which is the 
departure from the rule. 

I do not, however, wish to ask for this suggestion any thing 
more than it may be worth. Others more able than I can better 
interpret the circumstances. The main object I have had in this 
paper is to show that all the circumstances which accompany fasci- 
ation are those connected with a low stage of vitality. On this I 
think there can be no mistake. 

After the reading, Mr. Meehan said, as he had already remarked 
in the paper, illustrations from flowering specimens of fasciated 
branches seemed rare, On the excursion to Albany with the 
Society the day before, he had gathered a specimen of a fasciated 
branch of Atriplex rosea , which species was growing abundantly 
there. This specimen he exhibited to the meeting, and showed 
that it confirmed all the points previously adduced from Rubus. 
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The regular inflorescence of this Atriplex was in the order pointed 
out in the general law as developed in his paper on sex of last year; 
that is, the female flowers were situated in the strongest lines of 
axial vigor, the male flowers occupying the weakest positions on 
the ends of each branchlet ; but in this fasciated Atriplex, all the 
branchlets were of male flowers only, showing that the fasciation 
was the result of a weakening influence. 


2. On Objections to Darwin’s Theory of Fertilization 
through Insect Agency. By Thomas Meehan, of Ger- 
mantown, Penn. 

It often occurs that in the enunciation of new theories the 
authors meet with facts which seem to oppose them, and for a time 
present insurmountable difficulties. But it not unfrequently hap- 
pens that these very objections ultimately prove to aid rather than 
to obstruct the progress of the newly discovered law in popular 
favor. 

Mr. Darwin has shown that in many plants fertilization is carried 
on by means of insect agency ; and he has proved this to be so im- 
portant a law that, he says, u if the race of Humble Bees were to 
die out, some species of plants would soon become extinct in 
Britain.” 

The objection to this is that some plants appear to have their 
sexual organs admirably adapted to the use of these insect agen- 
cies, and yet the bees seem to studiously avoid using them ; and 
again, often where the structure is the best suited to throw the 
pollen on the insect which is to carry it away, there is the least in- 
ducement for bees to make use of the opportunity. 

There is probably no plant which has its organs more beautifully 
adapted to the work of this insect agency than the Salvia. The 
anthers are divided on the filaments, and while one part is ex- 
tended towards the mouth of the corolla, and performs its pollen- 
bearing functions, the other extends down towards the base of the 
corolla tube, and assumes a petaloid form. The divided anther is 
thus balanced on a pivot. The lower petaloid portion so closes 
the mouth of the corolla tube that any insect thrusting its probos- 
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cis down it must lift the lever, when the polleniferous portion is 
brought down on the insect’s back. When it attempts to enter 
another flower, the pistil is usually exserted ; and the pollen is thus 
brought into exact contact with it. In addition to this, there is 
usually an abundance of sweet liquor at the base of the corolla 
tube; all things tending, as one would suppose, to make the 
illustration of insect agency as perfect as possible. But now 
come the objections. In many Salvias, the petaloid prolon- 
gations of the anthers are very poorly developed; and yet 
many of these abound in the honeyed juice. If the bee enters 
them, the chance of its having any pollen thrown on its back is 
comparatively small. At other times the mouth is so completely 
closed that the slightest touch will cause the pollen to fall, but there 
is little sweet to invite bees. S. Egyptica is an excellent illustra- 
tion of this. I am aware that the mere reasoner might say that 
this was a proper arrangement; that with less inducements for 
the presence of insects, the arrangements for making use of them 
when they do come should be more perfect. But against all this 
comes the fact that the bee never enters either class of flowers at 
alL I have watched by the hour, and never saw an insect enter 
that was large enough to make the slightest use of all this beauti- 
fully contrived arrangement for cross-fertilizing flowers. But the 
bees get the honey. They bore a small hole near the base and 
suck the honey through the tube from the outside, without the 
slightest regard to the theories of Darwin. 

I have tried to harmonize these facts with Darwin’s, and failin g 
have sometimes thought they should weigh against his results; 
but his facts were so direct, so conclusive as far as they went, that 
it was more reasonable to hope something would explain them, 
rather than that there should be a lasting contradiction. This view 
was the more reasonable, as it was a fact that these Salvias, which 
were thus treated by the bees, seldom perfected seeds. 

I think I can now harmonize these facts with the theory, by an 
analogous case with Petunia. Here also the Humble Bees refuse 
to draw the honey up through the tube. I have seen an occa- 
sional one, evidently a greenhorn, attempt it ; but after trying three 
or four, it would fly away from the whole bed full of flowers, in dis- 
gust. The more experienced fellows make a slit in the base of the 
tube, through which they get the honey. By examining Petunia 
flowers with a lens, these slits can be readily seen, or still better to 
watch the insect in the very act. Here was another puzzle. A large 
A. A.A.S. VOL. xix. 36 
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bed under my office-window afforded an opportunity to see them 
every day. No insect that I could ever see assisting fertilization 
in any way, and the viscid nature of all the parts very much 
against any self-acting power. It was a worse case than the 
Salvia, because the Petunia is always highly productive of seeds. 

But at length the mystery was explained. Though no insect but 
the Humble Bee visited the flowers by day, they were thronged by 
moths at night. These were the insects through whose agency the 
fertilization of these flowers is carried on. 

I have thought that this account of the way the Petunia is fer- 
tilized may not only be a novel fact to many here, but convey a 
very useful lesson applicable to many things, — to theories of my 
own, as well as to Mr. Darwin’s. No doubt the seeming difficul- 
ties of the Salvia could be settled as satisfactorily as this of Petu- 
nia, if one could be in a position to watch for the facts. Possibly, 
in the countries where Salvias abound, insects peculiarly adapted 
to operate on the Darwinian method exist, which choose their own 
time and way of doing it. 

The Petunia, we certainly see, relies on the night moth, and 
not on the Humble Bee. They use their proboscis to extract the 
honey, and thus fertilize the other flowers. Here, at least, though 
at first in opposition, the facts wonderfully confirm Darwin’s ; and 
it seems a great point gained in the harmony of apparently con- 
flicting facts. 


3. On Two Classes of Male Flowers in Castanea, and 
the Influence of Nutrition on Sex. By Thomas Mee- 
han, of Germantown, Penn. 

In my paper on the “ Laws of Sex in Plants,” which I read to the 
Association last year, I gave some account of a few of the leading 
facts I had observed, which seemed to indicate that a higher degree 
of vigor or vital force was necessary to produce the female than the 
male sex in plants. I have not met with one fact which has sug- 
gested any other conclusion ; nor have I heard any fact suggested 
by others which could lead to any other opinion. Wherever there 
has been any change in the sexual relations, the male flowers or 
organs are invariably associated with declining vigor ; while only 
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in those parts of plants most favorable to the highest state of 
vitality are the female flowers most numerous or generally found. 

This theory is so capable of easy demonstration by any one who 
will personally examine the first monoecious tree or plant he meets, 
that I feel sure nothing further will be needed from me to sustain 
it. I propose now to go a step further in the endeavor to ascer- 
tain the exact laws of nutrition by which we may control these 
sex-producing forces respectively. 

I have here some specimens of Castanea Americana, our com- 
mon sweet chestnut, as my first contribution to this class of facts. 

But first I would call attention to the fact that there are two 
classes of male flowers in this tree. It is scarcely possible that 
this should have escaped the eyes of other observers, but I find no 
reference to it in botanical works. One class of male flowers 
comes out from the axils on half-starved shoots ; the other class 
terminates the strong vigorous shoots which bear the female blos- 
soms. Those of the former class have their flowers set densely 
on the rachis ; on the latter they are somewhat scattered, and do 
not open until a week or ten days after the latter. The numerous 
flowers we see on the chestnut-trees are of the former class, and 
generally have mostly fallen before those associated with the 
female flower open. I think it likely that one of these classes 
does not perform the usual fertilizing functions, but could not 
satisfy myself positively. The interest for us here is to note the 
antagonism, so to say, between the male and female blossoms. 
The comparatively weak spikes show that they were formed only 
after the female flowers had received matter enough for their per- 
fect development. Only the surplus matter goes to form the male 
flower at the apex. This is better shown by the fact that often 
there is no prolongation beyond the female flower ; no male blos- 
soms. At other times only a few, — never, as we have seen, the 
number which appears on those spikes which are wholly masculine 
in their nature. 

In regard to the influence of nutrition on sex, the specimen I 
exhibit is from a tree at least forty feet high and six feet in circum- 
ference. It is on my ground ; stands out by itself, and has borne 
fruit regularly, and in good crops annually. This year the leaves 
are all streaked with yellow, as in this specimen. 

Horticulturists well know that this appearance on the leaves of 
plants arises from an interruption of the nutritive functions. If a 
branch be partially ringed to produce fruitfulness, or if the roots be 
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injured in transplanting, or rotted by an over-supply of water, a 
yellow tint to the foliage is the invariable consequence. In some 
way, then, this chestnut-tree has, this season, met with some check 
to its nutritive system, — received a blow to its vitality, which has 
resulted in this yellow-tinted leaf The effect of this on the sex 
is, that, though thousands of male flowers are produced, there is 
not one female flower, one young chestnut, on the whole tree that 
I can find. 

I think this instance satisfactory, as far as it goes, that defective 
nutrition is one of the agents which operates on these lawB of 
vitality that govern the sexes. 

I am frequently struck with the feet that the tendency of my 
observations is in opposition to recognised laws of some branch of 
science related to the circumstance I speak about. 

This paper affords a case of this kind. I know that a embry- 
ology teaches us that arrest of development shows itself first in the 
absence of those parts that have arisen latest in the course of evo- 
lution ; that, if defect of nutrition causes an earlier arrest, parts 
that are of more ancient origin abort ; and that the part alone pro- 
duced, when the supply of materials fails near the outset, is the 
primordial part." * But supposing that nature must, of necessity, 
have given the priority of evolution to the female, or reproductive 
principle, without which the male element would be superfluous, 
we have in the case of this chestnut the more recent, instead of 
the latest, organ abort with the failure of nutrition. It is not for 
me to reconcile these contradictions. My province is the humbler 
part, — merely to record the facts I see. 

Here these facts are that the female flowers are in the strongest 
lines of nutrition ; and that, with the failure of nutrition, the 
female organs are the first to disappear. 

* Herbert Spencer, " Principles of Biology,” p. 70. 
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4 Observations on Seedling Compass Plants (Silphium 
Laciniatum). By Thomas Hill, of Waltham, Mass. 

General Benjamin Alvoed first described the Compass Plant 
to the learned men at Cambridge ; and the poet Longfellow, who 
was among the most interested of the listeners, soon after intro- 
troduced it, in his w Evangeline,” to the civilized world. In 1848, 
General Alvord called the attention of this Association to the 
plant. In 1863 I measured the bearing of about one hundred 
leaves in a group of plants near Chicago ; and the measurements, 
published in “ Silliman’s Journal,” showed that the radical leaves 
of young plants gave the meridian with great accuracy. 

In June, 1869, 1 was going, on a dark, rainy day, from Omaha to 
Chicago, and amused myself by estimating the bearing of the 
track, from the leaves of Silphium in the prairie, as we passed at 
full speed. Three times in the course of the day, the patches of 
plants were near mile-posts ; and I made a memorandum of the 
estimated bearing at those posts as 35°, 75°, and 90°. In Chicago, 
I obtained, by the kindness of officers of the Chicago and North- 
western Railroad, opportunity to measure the bearings on detailed 
maps, and found them to be, at those points, 31°, 78°, and 90°. 

In October, 1869, being detained by an accident at Tama, on 
the same road, I gathered seed. The plant is a very sparse bearer; 
and, after long labor in the frosted prairie, I obtained only twenty 
or twenty-five sound seeds. From these I raised in June, of the 
present year, about a dozen seedlings. 

The radical leaves are entire, lanceolate, long petioled, and ver- 
tical ; and begin when about eight or ten centimetres in height (my 
tallest are now about twice as high) to turn toward the meridian, 
twisting tKe petiole in its whole length as they do so. 

I give a table of the direction of each leaf, and exhibit a dia- 
gram of the direction of those leaves which, being old enough to 
have been measured three times, escaped drouth and insects. Ten 
of the fourteen thus measured exhibit very decided polarity. 

The dry weather has been unfavorable for the experiments by 
which I hope in a more favorable summer, hereafter, to show the 
causes of this phenomenon, and of its non-appearance in some 
plants and places. For its perfection it needs rapid growth, and 
an unbroken horizon. 
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Each horizontal line in the following table gives the record of 
position of a single lea£ so that the table furnishes a partial record 
of twenty-two leaves. 


Original Position. 

Juljll. 

Joijie. 

August 15. 

72 E. 

72 W. 

66 W. 

66 W. 

70 E. 

1 W. 

2 W. 

1 W. 

7l E. 

2 W. 

17 W. 

2 W. 

4 W. 

1 W. 

1 E. 

7 E. 

80 E. 

10 E. 

2 E. 

2 W. 

80 E. 

76 W. 

70 W. 

70 W. 

27 E. 

4 W. 

2 W. 

Dead. 

27 E. 

10 W. 

1 E. 

u 

61 E. 

61 E. 

60 E. 

65 E. 

61 E. 

2 W. 

4 E. 

2 E. 

80 E. 

80 E. 

70 E. 

70 E. 

20 E. 

16 W. 

11 W. 

7 W. 

89 E. 

26 W. 

10 W. 

6 W. 

1 W. 

21 W. 

Dead. 

Dead. 

1 W. 

18 W. 

it 

m 

20 E. 

16 W. 

16 W. 

m 

89 E. 

6 W. 

Dead. 

u 

18 W. 

Broken. 

a 

. “ 

Uncertain. 

Not up. 

Not up. 

1 E. 

u 

ft 

it 

7 W. 

a 

it 

a 

2 E. 

a 

U 

a 

16 E. 
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5. Investigations on the Development op the Yeast, oe 
Zymotic Fungus. By Theodore Hilgard, of St. Louis, 
Missouri. 

1. Morphological Development of the Yeast Fungus . 

The subject-material of the following monograph is, for the 
greater part, as yet but very imperfectly understood in this con- 
nection, on account of its microscopic complexity, evanescent 
minuteness, and the consequent difficulty of its perfect identifi- 
cation in its various phases, which is obtainable only by a con- 
nected experimental investigation. The latter having been inci- 
dentally conducted by me through about fifteen years (so far as 
swamp, well, and river waters are concerned), and also latterly 
more systematically explored, it was deemed advisable to refer the 
detailed description of so much “punctilious” diagnostic detail to 
a plate ; with a view to rendering the reader and the practical 
microscopist somewhat familiar with . the important object whose 
intense action, both in a beneficent and injurious sense, cannot be 
overrated. Its morphie processes, however, remain almost entirely 
unknown to the public ; although its functions have largely served 
to “ typify ” the mysterious agencies of malarious and contagious 
diseases. That type of action, however, has lately been made 
responsible for morbid processes exclusively, and in this sense been 
also exclusively referred to some hypothetical, invading, extra- 
neous, and independent parasites. It typifies no less, however, 
all the healthy specific functions, whether digestive, assimilative, 
or secretive, as manifested in the entire living kingdom, and 
whereof it actually furnishes the best expose itselfi Partly also 
has the peculiar and “specific” agency proper of this fungus been 
misinterpreted for that of other hypothetical ones never yet dis- 
tinctively and comparatively brought forward ; and partly do the 
demonstrable ones, which like the “ Muscardine ” act as specific 
zymotic parasites, only serve to enhance by analogy the all-im- 
portance of the true Yeast, or Zymotic Fungus. 

Explanation of Plate . — The successive figures represent a series 
of experimental developments in continuity, illustrating the spe- 
cific unity of all the common forms of mould and yeast as well as 
of all putrid decomposition. 

The adult forms, Mucor-heads, or seed-vessels, are represented 
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pencilled florition (penicillium glaucum) along the lower; seg- 
mented forms ( oidium ,* torulcL, etc.)) on either side. 

* Name derived from oMow, to swell. The Greek verb no doubt is itself com- 
pounded of ’Bov, an egg, and of eido, to appear, see, or resemble. 

It would be “carrying owls to Athens,” if we would attempt to supersede 
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The centre represents (around 8) the vibrionic, truly fermentive 
element, enacting the lactic, alcoholic, and cadaverous fermenta- 
tions and afterwards generating the “yeast-cells” (below r 8), from 
which these elements are again disgorged when opportunity is 
given. Old, crusty, and macerated fragments redissolving into 
the naked vibratile molecules, or fermentic vibrios (above 8). 
The latter (to the left), by lengthwise inosculation, are seen to con- 
nect singly, or by pairs and strings, into the delicate, naked, vibri- 
onic single-file threads ( M serpents,” or “ leptothrix ”) forming short 
weltering curves ( w churners ”) and long, revolving, “ archimedean 
spirals,” with “ spinning butt-ends.” Next, becoming coated, they 
are seen either directly elongated into the fibres of the water-pest 
(leptomitus, below), or else, as in all fermentible fruit juices and 
mashes, they are seen dropsically enlarged and varicose. Becom- 
ing figure 8-shaped or w waisted ” at the joints, the latter ram- 
ify into irregular, secondary, tertiary, etc., jointlets in figure 
rather resembling the u fingered yeast ” pencils : (below the lepto- 
xnitus, and between 9 and 13), only more rounded, and altogether 
stemless, somewhat like ramified potatoes. Separating at the 
joints, the now so-called hormiscium^ or necklace-yeast, dissolves 
into the free-beaded, globular yeast, or cryptococcus , such as beer 
yeast. The latter form then, through several generations, repeats 
itself by spicular prolapse. Fine spicular darts appear, erect on 
end, in various places at the circumference ; and, rapidly swelling, 
represent smaller cocoon-shaped cells, which swell and round 
again, while the old cell-coat substantially dissolves by maceration, 
the contents having priority passed into the spiculae.* Fig. 11 
represents the yeast-cell elongated into a mycelium, which readily 
segments into cylindric fragments {oidiurn lactis ), while at the 
same time rearing its pencilled floritions and mucorine seed-vessels 
on one identical fibre with the u oidiurn.” Some submerged pencils, 
and also some turgid segments (pseudo- u Zoogloea ”), are seen emit- 
ting coated bacteria which reproduce the finest “ leptomitus ” fibre. 

the classical compound, by forging a modem one like “Oidiurn” (with the 
trema). The handbooks use the antique form. 

* The spiculae are at first only recognizable in their long diameter of about 
1-400 line, before the cross diameter becomes distinctly appreciable. It thus re- 
sembles an incipient crack in the surface of glass. In consideration of appar- 
ently analogous transformations, arising out of the porrected vibratory flagel- 
lum of moss-spawns (“ Euglena”), it might be suggested that the spiculae are 
the exserted “ vibratile cilia/* or, rather, the flagellum of the intra-ceilular 
vibrios. 

A. A. A. S. VOL. XIX. 37 
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(The latter, as c< leptomitus lacteus,” again dissects into globular 
individual molecular germs 1-2000 line diameter). 

Fig. 1. — Derived from rotten cabbage. A single crescented 
roll (fusidium, or “ Fusisporium,” M Fusarium,” M Naemaspora,” 
“Menispora,” etc., etc.), bearing, on one unbroken fibre, the cres- 
centiferous seed-vessels (“ Mucor fusiger”); crescentiferous pedi- 
cels; short spawning-clubs (“ Hemicyphe ” ? “ Azygites ”), with a 
dissective frizzle of “ flying spawns ” (“ sporidia,” De Bary. Comp, 
also figs. 7, and 12, below the number) ; and the antennate mildew 
( oidium monilioides), different from the blight on Poa pratensis 
(the “ blue grass” of farmers). A piece of its blighted blade, 
kept wet under the microscope, exhibited the rusty speck (from 
which its “ oidium monilioides ” emanated) pushing strong fibres 
upon the glass slips ; the former bearing, in one uninterrupted con- 
tinuity, on one unbroken fibre, its own antennate mildew, to- 
gether with a fingered yeast (fig. 13, to the left) and pupiform 
spores (fig. 7 ; also fig. 15, upper corner). The latter, when mas- 
sively produced in fall, are called “Gen. Phragmidium ” ; on 
cabbages, mouldy herbaria, tea, or fungi, “Gen. Cladosporium,” 
“ Septosporium,” etc. ; on wheat-rust, teleutospores , De Bary. 

Fig. 2. — A bead of the antennate mildew, taken from the pre- 
ceding specimen, and germinated upon apple-peek Besides repeat- 
ing the antennate mildew, its stem also produces, on the same 
unbroken fibre, the characteristic peniciUium glaucum, etc., or blue 
mould of fruits and wines ; differing only in form, not in species, 
from the blue mould of bread, peach preserves, and peach gum, 
viz., the aspergxUus glaucus , etc., represented in fig. 10. 

Fig. 3. — Limpid fermentic juice, profluent from spontaneously 
dissolving fibre of same. Develops naked “ vibrios,” coated “ bac- 
teria,” and a compact hyaline gelatine of yeast-molecules. Some 
rather bulky tissues thus deliquesce into a mere faint trail. 

Fig. 4. — Same as in fig . 1 ; from cracks of crockery enamel. 
The “ germinal log-chains ” (of bi-nuclear cells) are bred out of 
fresh penicillian beads. Its older pencil beads turn of a tourma- 
line color. The whole production is at last uniformly diffluent 
into a crimson jam, or “ blood-in-bread.” The old wheel-and- 
axle-shaped beads, when sown on human saliva, within twelve 
hours produced — 

Fig. 5. — A very stout mycelium ; roughish-looking and “ me- 
dullary dotted,” with actively circulating (intra-cellular enclosed) 
vibrios. Rapidly multiplies by globular cross-segmentation, con- 
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tinning same calibre. Dissecting rolls ( {< OicTCum ”), stalks, and 
crescents ( w Fusidium ”) produced on same unbroken and unsep- 
tated fibre, together with its seed-vessel, or w Mucor.” The latter 
partly transuding its spores, in this case, which adhere to the sur- 
face (“ Gen. Periconia”). Near fig. 9 : same development, but with 
smooth fibre; obtained from indistinct dot on matutinal saliva. 
The mycelium is very much foreshortened in the representation. 

Fig. 6. — Crescental roll of same (also of fig. 1), developing into 
clusters of stemless seed-vessels (comp., in fig. 11, the erect files). 
Also found in the gray, slimy coats of wet cellar-walls ; the viscid 
spawns erumpent in brown pimples, while the mycelium represents 
a “ leptomitus ” coat, its fibres topped off with slender crescents 
(“ Naemaspora,” “Blennoria,” etc.). 

Fig. 7. — Dark, leathery mucor-heads (seed-vessels), as formed 
when exposed to the open air (“ Ascophora,” u Mucor,” etc.) : e. g. y 
on sweet potatoes ; in black-moulded lemons ; on crout, balsams, 
cream, and also under water. Those exserted above water are 
flaky evanescent and sooty crumbling ; those in very humid locali- 
ties diffluent ( M Hydrophora ”). (Compare also figs. 5, 9, 12, and 
14). 

Varied germination of globular, sooty seed (smut, or uredo- 
spores), discharged from air-dry, matured seed-vessels of Zymotic 
Fungus. Development, either directly or by moulting, into u pupi- 
form germs” ( teleutospores , u septosporium,” etc.). The latter 
put forth black, root-like mycelia, which in the water branch into 
strands of water-pest. Others (in damp spots, etc.) develop a 
u spawning frizzle,” detaching dustlike tt sporidia,” De Bary. Others, 
effete and macerating, like all' old debris of the Zymotic Fungus, 
bodily dissolve into their own vibrionic spawns, in which condi- 
tion they remain unchanged for years together, as, e. was 
the case with the mycoderm and leptomitus of old wine-casks, 
filled with Mississippi water, and that of the latter itself. The 
original liquid and luxuriant mycoderm remained unaltered for a 
period of three years, when the corked glass tube, which the water 
filled three-fourths of its height, was accidentally broken. Myco- 
derm after mycoderm, blooming with th epenicillium glaucum, was 
produced at the surface, and then, breaking down, settled at the 
bottom to the height of one-half of an inch, layer upon layer, no 
further change occurring after the last one had sunk, and the 
water being left clear above, and void of taste or smell. 

Fig. 8. — Simple, naked, fermentic sarcode vibrios; of a globular 
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shape, about line or less in diameter; with a vibratory organ, 
not distinctly discernible, but causing a saltatory motion, or jerks, 
often tenfold their own diameter. Frequent experiments have 
satisfied me that without the presence of any other (cell or sar- 
code) development, they are by themselves sufficient to enact the 
entire alcoholic, lactic, and putrid (cadaverous) fermentation, or 
decomposition, without aid from other organs. 

Judging from Liebig’s analysis of the active ingredient of the 
u yeast” cells, the stoichiometric constitution of the vibrionic sar- 
code is to a nicety identical with that of the u muscular fibre ” 
proper. In the progress of decomposition, the fibrine of the 
muscle seems to u dissolve,” as it were, substantially, into these 
naked sarcode molecules,* which, however, on meat find no mate- 
rial for forming into cells, or so-called “ yeast,” for want of cellu- 
lose. They are, however, the true active principle, and de facto 
actually constitute the ferment of the yeast. 

The vibrios speedily then arrange into single file threads, by 
longitudinal coaptation, or “ inosculation ” (different from the so- 
called “copulation of cells,” there being no cell-membrane). 
When thus falling into ranks, the terminal vibrio at either end re- 
tains its size and action ; while the intermediate ones loose their 
previous diameter, by the disappearance of what had produced a sort 
of “ halo,” surrounding the sarcode molecule proper. It is thus that 
in the process of formation of this single file production, by some 
authors called “ leptothrix,” * the existence of a cell-membrane 
has been emphasized by Professor Hallier. This, however, is a mis- 
take. The “ halo ” remains so long as there are only a pair ; but 
so soon as the pair has united with another pair, or sets of pairs, or 
so soon as a longer chain is formed, all the intermediate vibrios 
loose that halo, or false “cell-membrane,” which forms a dim 
vibrating zone around the molecule. 

This process of fidgeting and spinning at the ends, where two 
short sprigs or u chumers ” are engaged, as if in a violent combat, 
twirling “head to head,” has been frequently mistaken for a 

* This is evidently the first species of the first genus of Ehrenberg's “ Infuso- 
ria,” — “ Monas Crepusculum ; hyaline ; appearing to the naked eyes as a whitish 
mass ; spherical, agile, carnivorous ; never exceeding 1-600 millimetre in length. 
Abode, Berlin.” See “ Traits Pratique du Microscope, etc., par L. Mandl, et 
Recberchea but P Organization des Animaux Infusoires, par C. G. Ehrenberg. 
Paris and London, 1839.” All the infinitesimal spawns of dissolving (animal) “io- 
fusorial ” yolks of Ciliata are, however, of the B&me size, and form dense curds, 
or clouds, on the surface of aquaria, etc. 
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cross-division * into smaller parts. Contrary to the supposed 
method, and to that of the well-known self-division of cells, these 
sarcode bodies unite and arrange in single file, as properly stated 
hy Professor Hallier and others, t The longer coils are often found 
in stinking water, among macerating confervas, and have an (often 
very violent) rotary motion.^ They sometimes acquire as many as 
twelve rounds of coil, and (particularly in the night) are seen 
adhering to the glass slip, becoming “ still,” and exuding a mem- 
brane. These longer, spirally undulate files, or coils, now lengthen 
directly into unbranched single shreds of the w leptomitus ” (above), 
of which they form the inward tt life-thread,” so to speak. 

The shorter, merely curved ones — u churning,” butting, spinning § 
and as it were delving into the corruptible or fermentible matter, 

* Thif is what Ehrenberg (above) called his “ twenty-seventh genus : Vibrio. 
Form, that of a chain, filiform by imperfect spontaneous division ; flexible as ser- 
pents;” t. e., archimedean-revolving. “ First species : Vibrio Lineola. Minute cy- 
lindric trustifies, a little flexible (curved ?), round at both ends ; joints not very 
distinct, almost spherical ; water-colored, 1-800 — 1-1000 of a line.” It would 
have been interesting to learn about their abode, or menstruum (necessarily a 
liquid). The locality given is “ Berlin, Copenhagen, Paris, Ingolstadt, Petro- 
pawlosk, Tobolsk, Tobol,” etc. 

t In this state it forms Ehrenberg’s “ ninth genus : Monade serpent , Ophidomo- 
nas” It consists of one single species, “ Monade serpent de Idna, Oph. Jenensis. 
The body spirally twisted, very delicate, obtuse at both ends ” (occasionally : 
see Zymotic Agencies below) “of a brownish-olive color, 1-24 millimetre (long). 
Hob : Ziegenhain, near Jena ” (famed for its spirally twisted baculi for the stu- 
dent). This term seems to “ claim priority ” against that of “ leptothrix,” and 
is more descriptive. 

This process of cell-generation by synthesis of molecules, has its analogy in 
a widely operative (but almost entirely unknown) process of massive co-cemen- 
tation ; as in the case of penicillium tufts enlarging into periconia forms (fig. 18) 
and Mucor Mucedo; as do the aspergillus forms (fig. 10). Some massive 
sphaeria crusts originate by co-cementation of piled “botrytis” spores (or 
“ trichothecium ”) etc. 

§ This fact is erroneously denied by Professor Hallier, who doubtless had tor- 
pid “ vipers ” to do with. The vibrios become very violently active only at or 
above a temperature of about 16° C. Below that, they are very apt to remain 
single ; and, slowly acquiring a confine, or membrane, form into individual glo- 
bules of the true globular (or “ cryptococcus ”) yeast ; as, e. g. t with milk turned 
into clabber, etc. 

This motion is more readily observable in the case of colored vibrios, such 
as the orange ones ; e. g. t of the well-known blackberry rust. Its vibrios have 
nearly the threefold diameter or twenty to thirty fold the bulk, of the fer- 
mentic ones. They are seen persistently pushing and butting into the chloro- 
phyll of leaves when presented, in a floundering, semi archimedean-motion . 
Their “ ophidomonas,” or leptothrix-serpent, forms not into spirals, but into 
“fence ” like zig-zags. 
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and also vividly swarming about — after a while become likewise 
coated, by exuding a very delicate membrane. They now assume 
a sort of dropsical appearance ; and swelling into a varicose-rami- 
fying and dissecting fabric (resembling the ramified and phalan- 
goid foreshortened “fingered yeast,” fig. 13, left end, but for 
being stemless), they now form the so-called “ hormiscium,” or 
necklace yeast. The same, however, is likewise produced (fig. 13) 
by direct development from crumbling pencil strings ; sprouting, in 
continuo and in loco , into the same form of necklace yeast. 

The detached hormiscium joints partly repeat sprouting in 
the form of the necklace yeast ; partly remaining single, they round 
into globules, and thus form the true globular beer yeast, or crypto- 
coccus. 

The latter through several generations now multiplies by the 
extrusion of extremely delicate splinters (spiculae), which again, 
standing on end, rapidly swell into oblong cells: The latter soon 
round off, and detach themselves ; while the mother-cell appears 
exhausted, collapsed, and macerating. 

The “mycoderm,” or mother of vinegar, consists exclusively of 
naked vibrionic files, felted into a dense and homogeneously resist- 
ant tangle. The “chumers” (short “ ophiomonads,” or “lepto- 
thrix” serpents), however, are here actually imbedded into a hya- 
line, apparently perfectly “ amorphous ” gelatine, which appears to 
form the greater part of the bulk. On its surface “small vesicles” 
are afterwards observed, which, however, prove to be separately 
developed and isolated terminal cells, sprung from the vibrionic 
sarcode filaments. They are acutish shuttle-shaped and segmenta- 
tive, and constitute the snow-white scums, or “ vappa ; ” and they 
are supposed to be the agents of Rectification. 

Fig. 9. — Pupiform seed, expelling germinal pellets resembling 
those of fig. 5 ; while at the same time taking root (as “ Rhizopus 
nigricans,” etc.), — black-booted, as it were, — and also sending 
out runners (“Mucor stolonifer ”), seed-stalks (“Ascophora Mu- 
cedo, Mucor caninus,” etc., etc.), and aspergillus stalks ( tf Asper- 
gillus glaucus ”) : the (blue) mould of bread and peach-preserves 
(not that of apples, etc.) In this tri-compound form, uniting the 
“Mucor,” the “ Piptocephalis,” and the “Aspergillus,” — thence 
sprouted on one individual root — it is figured as taken from rotten 
tea-leaves. 

At the bulbous top of its stem, resembling a drum-stick, it sends 
forth either the long, diverging bead strings of large ellipsoidal 
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beads of a blue color, which often turns black (“Aspergillus 
glaucus ”) ; or else it swells into a large mucor-head, which retains 
a similar knob (columella) enclosed at its base (“Mucor”). 

When very succulent, as on preserves, the incipient seed-vessel 
in a juvenile condition is often seen “ transuding ” immature spores, 
as it were ; which, being rapidly succeeded by new layers (proba- 
bly on their periphery), often becomes so densely crowded as to 
form a compact mosaic of prismatic cells, concentrically stratified 
around the large knob (“ Piptocephalis Freseniana,” or “Perico- 
nia sp.”) It is a highly important observation in the study of life 
phenomena, that this versatile, fundamental form of assimilative 
and digestive catalytic life, as embodied in the Zymotic Fungus, is 
very apt to repeat the form attained, so long as the substance re- 
mains the same. On a decayed body, which has already produced 
the seed vessel, its own seed will reproduce seed-vessel mycelia, on 
the same ground. # Add some fruit-juice, or sow it upon intact fruit, 
it will first produce the pencil-bearing mycelia ; and its pencil beads 
will reproduce the pencil-bearing form, until the nitrogenous fer- 
mentation is attained, when they form seed-vessel mycelia. It is 
thus that the aspergillus, or radiate drum-stick form, will also repeat 
for a while ; although it strongly inclines to form yellow, stalked, 
or stemless seed-vessels (the original “Mucor Mucedo” L.) by 
confluence. The “pupified,” or hibernating, dark-skinned tessel- 
lated cell-packs (“ schizosporangia,” Hallier), such as are found 
hibernating in the gum-knolls of peach-trees, etc., converting the 
same into a sort of “ burnt India-rubber ” like mass, sprout into 
extensive annular-beaded mycelia of a dusky color, and on the 
inspissation of the gum, meandering like the snakes of the head 
of Gorgo ; and these meandering, serpentiue mycelia, when occa- 
sion offers, directly issue into a crop of the aspergiUus glaucus 
form. In rotten apples, however, where the septic mycelium is of 
a similar description, it is only penicilliferous, etc. 

Fig. 10. — The entire “ aspergillus ” head, — resembling that of 
ecclesiastic service, — seen confluent into a stalked, yellow seed-ves- 
sel, with the remaining blue beads of strings still projecting (also 
called a w Periconia ”). Or else, its delapidated, detached strings 
and single beads, becoming more or less confluent by spontaneous 
maceration and combination (a process widely observable in the 
formation of larger fungi, likewise), swell and augment into the 
king’s-yellow, kid-like layers of sporangia (“ Mucor Mucedo L ”), 
which {prm the cover of mouldy peach-preserves. They are liko- 
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wise found originating, in a corresponding maimer, directly from 
the 44 mealy-heads ” (fig. 13) on apple-preserves, out of peniciUium 
glaucum v. crustaceum. (They have been misnamed 44 Eurotium”) 

These layers of yellow, stemless sporangia, scantily interlaced 
with roughish meandering fibres (elongated beads), constitute, no 
doubt, the most massive and indubitably “adult form” of the 
Yeast Fungus. This form directly refers it to the closest relation- 
ship with the 44 frothy-smut ” cakes of ASthalium and Spumaria, and 
the smut diseases generally. It is also frequently found on the 
honeyed drops of hickory, cut in sap ; on hackberry, likewise ; on 
extract of valerian and extract of bee£ always preceded by the 
blue (or gray and blackish) aspergillus; while extract of opii 
moulds with the blue pencil and black-headed mucor-mycelia. 

The seeds of the yellow sporangia are of a watery-yellow color 
themselves, and are found apparently conglobated, in a recent con- 
dition, in packs of eight. ‘ * 

This is a regular number of spores occurring in the 44 asci,” or 
entrail-like follicles, which constitute the seminiferous stratum of 
the cupular and nucleolar fungi (Pezizeae and Sphmriaceae) no less 
than of all the Lichens. 

In the case of the Yeast Fungus, however, these 44 asci” are 
globular, and not stratified, but borne on delicate, ramifying, fibrous 
connections, forming into a mass. In the case of Chaetomium, — a 
furry nucleolar fungillus, otherwise resembling the yeast-mucor, — 
the slender octosporous asci are doubled up, and thus form a sort 
of transition between the Sphaeriaceae and Mucedineae, or 44 smutted ” 
fungi. The seed of the yellow yeast-mucor, when brought upon 
intact gumless fruits, there at once forms mycelia, producing the 
blue pencil of vinous fermented substances (such as grapes, rotten 
apples, and lemons.) All these organs are apt to sprout at once 
into fibres, when checked in their onward development. 

Fig. 11. — The lactic fermentation of sweet milk into clabber, as 
well as that of cornmeal mashes, at a low temperature, is often 
completely enacted without the presence of any other form of 
the yeast-fungus but its naked vibrios and vibrionic 44 churners.” 
The incessant action of the latter, which under a four hundred 
magnifying power are barely discernible to a practised eye, cause 
the milk-globules to butt against one another ; thereby bringing 
about a so-called 44 molecular ” motion of the latter. At last the 
vibrios, or short churners, appear individually coated, as a direct 
production of the free cryptococcus-yeast, not effected by dissec- 
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tion of the hormiscium, and also distinct from the acetic, shuttle- 
shaped scum-cells, erroneously called a “ mycoderm ” by recent 
writers on the subject. The dry yeast, when added to afresh mash, • 
is seen to swell, and to discharge myriads of single, naked vibrionic 
particles, as correctly stated by Professor E. Hallier ; while the 
original membrane macerates into a clear gelatinous substance, 
entirely dissolving into vibrionic matter ; partly directly, partly 
through assimilation by the omnipresent surrounding living germs. 

Each yeast-globule, like any other molecule of the fungus, 
can directly elongate, or sprout, into a mycelium, whose fibres 
will readily dissect, particularly on substances already gone through 
the lactic fermentation (above) into cylindric joints, — called “ Oi- 
dium lactis,” of glossy lustre and of snowy whiteness; as often 
observable, in summer, on corrupt tomatoes, or mouldy potato 
dishes ; on clabber, curds, cream, and the meagre clabber-cheese 
(Handkaese) of Germany. It first appears on the compact curds 
as a dull yellowish rind of erect “ oidium ” velvet, and in this stage 
the cheese is unhealthy (savoring of mouldy potatoes, etc.). The 
cheese then undergoes a strongly marked alcoholic fermentation, 
and is still unhealthy. It is only after the peculiar w cheese-odor’ 
becomes marked, that its unhealthy action ceases, and it becomes 
an excellent stomachic and digestive. 

The internal, white substance of the cheese then shows not a 
trace of the “ oidium-lactis ” form ; while its brownish, gelatinous, 
semi-liquid rind is substantially composed of the oidium-lactis vege- 
tation. It directly sprouts into peniciUium glaucum^ of the usual 
forms; and its* decal vating beadlets again directly enlarge into 
oidium-stubbles. They are also known to produce, directly, the 
beads of beer-yeast ; and in fig. 5 a putrid development* of the 
pencil-beads is depicted. 

At last the oidium-cells become diffluent, and not a trace of cell- 
coats remains visible. Of this character the perfected, and no 
longer unhealthy, Limburg cheese partakes ; and it would be very 
difficult indeed to detect any “cellulose” there, in any shape 
whatever. 

Aside from the produce of the dairy, sweet or sour wine and the 
daily bread we eat, all preserved greens — such as krout, beans, 
cucumbers, tomatoes, and in fact all pickles — had to undergo a 
preparatory degree of fermentation, fitting it for the human assimi- 
lative economy. In this respect, it is particularly the presence of 
common salt which insures a healthy quality to the fermentic 
A. a. a. s. VOL. xix. 38 
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changes to be wrought; limiting the putrid, and accordingly favor- 
ing the purely lactic, alcoholic, and acetic, adaptive changes of 
constitution. Under these circumstances greens will ferment in 
the lactic sense ; but the u oidium lactis ” is by no means present, 
unless when tt decay,” through the formation of mycelia — dissect- 
ing into oidium-joints, — is initiated. 

The latter takes place, also, in the normal decay of all human 
stools ; the healthy no less than all diarrhceic, dysenteric, typhoid, 
choleratic or bilious faeces alike. It also forms on all human slime, 
essentially derived from the lactic and lymphatic system, which 
permeates the entire regenerative fabric. Hence it characterizes 
all effete offal, and abundantly appears, — together with the wine- 
ferment, or pentciUrum glaucum, — on the putrid decomposition of 
the human body, in all observed cases. 

When arising from the cylindric segmentation, the penicillium, 
or florition-stage of the fungus, sometimes forms by actual segmen- 
tation and parallel coaptation of formerly detached segments, in 
testimony of its origin, as also visible, in a corresponding manner, 
on the crescental ramifications in fig. 4, in the log-chain mycelia 
sprung from pencil-beads. Collaterally, however, in both cases, the 
normal, cerews-like embranched pencils arise. 

In very many cases, the submerged oidium, or cylindric-joints, — 
e. g n when found on decaying confervae, in old tea or coflee, — are 
frequently seen to enlarge and disgorge their oscillating punctiform 
contents as a mass of bacteria, cohering in slowly advancing, tear- 
like polypoid masses ; otherwise closely resembling the (animal) 
a infusorial ” germinal clouds, but for the great vivacity of the fer- 
mentic bacteria ; while the infusorial dots are but gradually grow- 
ing forwards, as it were, and, when once movable, start off 

A similar polypoid discharge of bacterial slime takes place from 
the macerated bead-pencils, when gradually drawn under water, as 
observable, e. g~> on the mouldy floating islands formed on the same 
decomposing decoctions. The confluent beads, macerating, exude 
a scab (like a floating grain of quartz, as it were), delicate as a 
butterfly’s scales, and under whose cover the bacteria disengage, 
and form into comet-like leptomitus-strands. It is this polypoid 
bacterial discharge which Klob (in his “ Researches on the Cor- 
ruption of Choleratic Bowel Contents ”) has mistaken for “ Zodg- 
Iceda Termo ,” Cohn. The latter, however, are infusorial yolks. 

The fungine bacteria are single vibrios, each endowed with a 
shuttle-shaped cell-coat, and not growing by mutual inosculation. 
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The spontaneous discharges of deliquescent fibres leave mostly 
the bacterial form behind, as an evanescent trail, spontaneously 
dissipated in every direction. The sporangial fibres, particularly, 
frequently attract juices to a certain spot ; forming a drop, or 
M cystem,” wherein the bacteria acquire a larger size. This has 
been mistaken for a “collateral fructification, producing sporan- 
gia,” by some writers. Fibres, for want of moisture, will often 
adhere alongside, and there be found deliquescent. 

Fig. 12. — On substances suited to the production of seed-ves- 
sels ; e. g ., on curds or beer-yeast (whence the figure is taken), 
some oidium-joints, acquiring considerable size and punctiform con- 
tents, will sprout a ramified mycelium, bearing mucor-heads (pal- 
lid, grayish, black, or brownish). As with all larger mucor-vessels, 
the stems are at first knobbed like a probe ; ^nd here quite a close 
analogy to the incipient formation of the aspergillus obtains (above). 
The vesicle itself finally contains a similar knob, or columella, and 
was thus defined as “ Mucor clavatus,” Link. 

Fig. 12 also exhibits the occasional co-occurrence of the blue 
pencil on mucor-stems, in continuo. Projected in upon the often 
hood-like compressed, empty vesicle, the figure exhibits certain 
serial beads, exserted above water ; which, on crumbling down, 
acquire in the water a thickish rind, and enlarge to a stemless, 
watant mucor-vessel, analogous to fig. 6. 

Fig. 13. — Penicilliferous mycelia of the Yeast Fungus. Derived 
from the shuttle-shaped scum-particles (vappa), which, arising from 
a mycoderm, are supposed to effect the “acetic” fermentation. 
The rather pointed floating fibres, ramifying and frequently sep- 
tated, or even dissected, now become studded with the blue pencil 
(right-hand comer ; compare also figs. 12, 11, 3 and 4), as found 
on all sour fruit (when not too gummose), and forking by almost 
parallel, fascicular-branching “ metacarpals,” so to speak (as in the 
skeleton of a hand). These are produced sideways, in the man- 
ner of the branches of an erect Cereus (sub-parallel) ; while on 
lactic-fermented substances, the joints apparently separate, and 
adhere lengthwise, and even some of the w crescentiferous trestles” 
(figs. 1 and 4) occasionally turn to pencil-tufts. 

Farthest to the left, we figure the “ fingered-yeast ” pencil 
(“Pc. cfUortnum , cladosporioides” etc.). It is partly directly de- 
veloped on a stem, or the fallen bead-strings of a pencil (on a bung 
or a grape-berry) directly developed into it, in situ ; their beads 
elongating and ramifying (like the necklace-yeast) into joints of 
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decreasing size (“ foreshortened,” or in the maimer of u phalan- 
ges”)^ 

The joints readily swell into the black pupified spores ( w Clado- 
sporium, Septosporium,” etc., etc. Compare also figs. 7 and 15. 
Similar forms occur in a great many other fungine developments, — 
of Stemonitis, Erysibe, Puccinia populi, etc.). They also produce 
singly, as on a pipette — or on whorled, pipette-jointed garlands — 
a chocolate-colored botrytis, which forms the enormous quantities 
of Indian-red dust ; e. g ., on old rotten sweet potatoes. Its globu- 
lar heads crumble into oblong spores, from. which springs a slender 
lithe, few-seeded, diffluent mucor, which appears like a dew-drop 
( w Mucor racemosus,” “ Hydrophoranetella ”). 

In the background we represent a u pencil-head,” — blue, white, 

* Similar homologous 'forms frequently occur ; e. g., in the development of 
Stemonitis % physaroides (a line-high, small, pin-head-shaped, chocolate-colored 
eruption on wet pine-boards) ; the previously gelatinous head at first becoming 
“silvered over” with a blue (or amber-yellow) penicillium, quickly converted 
into the fin gered-y east (above) Bhape ; and then each joint develops often into 
Bhort “ pupiform ” spores (like in figs. 7, 15), etc. When bred between glass slips, 
its “ penicillium ” form is produced by an apical whorl of about one-half dozen of 
shQrt clavate “ carpals,” forming a sort of cupule ; from which ascends a fascicle 
of as many cohering files of pencil-beads, — with a great many variations, how- 
ever. 

Again, in the florition-stage of Chaetomium (the sea-urchin-like mould-sporangia 
on old fibres), the single pencil-files are borne, by threes, on simple or teraately 
compound, pipetted pedicels, crowded garland-like around long cobwebby threads 
(as are the crystals of rock-candy along a thread). The beads here enlarge (as in 
the zymotic aspergillus, fig. 10), and form pearly-hued, shiny, “acinoid” pellets 
(a silvery “ botrytis ” form. These, after repeated changes, are developed into 
“ Chaetomium.” Great care is therefore requisite, in order to discriminate, or to 
identify, the “ penicillin ” by breeding round. 

Another pencil-like development forms a grave disease of verbenas, etc., in 
flower-pots, or in boxes in contact with pine- wood percolation (saw-dust of pine, 
etc.), and probably constitutes the severe and destructive disease of the Crocus- 
plantations in Southern Europe. 

A blue mould, like a (blue) white frost-bloom, is seen erumpent out of the 
naked ground, and is composed of scraggy-repent, ramulose garlands of a 
stunted-like aspergillus ; of a blue color, only very few (1-6) beaded, and rapidly 
cementing into a botrytis-form. The latter (like our mealy-heads in fig. 13) 
push long filaments of a yellow color, light and large as cobwebs, in secure 
places becoming condensed into a sort of smooth slag, or gravel-like grains (like 
spatterings from fritters) called “ Rhizoctonium ” (root-killer). The yellow fibre 
or cobwebs, afterwards freely break forth from the same ground and, shape into a 
loose web, confluent into an omelette-like, resupinately efluse Pklebiavoga (or 
similar denomination) of the tetrasporous, agaricine fungi ; which is again, in 
loco , substantially converted into the gravelly rhizoctonium. 
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brown, yellow, black, etc., — as frequently found on old cheese and 
dry moulded meat, moulded twigs, etc. It is composed of a multi- 
tude of simple pencil-tufts aggregated around the forking point, 
so as to form a globular umbel, much finer-beaded, however, than is 
the aspergillus form, fig. 10. Co-cementing its beadlets, it also 
forms a dusty “ mealy-head,” and is also called a tt Periconia.” 
Where many pencil-tufts arise in a column (as observable, e. g., on 
old goose grease, etc.), they all co-cement into fatty-looking, little 
puff-balls, of small pin-head size. From the dust of the mealy-heads 
spring long fibrils, terminating into partly ramified strings of globu- 
lar, very highly refractive beads, or so-called (fig. 14) w coralline 
bead-strings ” (Torula). They are at first clear ; and in this con- 
dition become partly highly inflated, sprouting stalked seed-vessels 
(compare fig. 12) ; partly do they segregate into oblique lemon- 
shaped beads, which produce another distant-beaded tt aspergillus ” 
or tt penicillium ” form (right-hand corner). It often assumes the 
tint of red coral ; and its (disciform) terminal beads are seen to 
sprout a spawning fi£zzle, such as also represented in figs. 1 and 7. 

Fig. 15. — Represents forms of decay, as found on decaying tea- 
leaves, cabbage, and the charcoal filters of a sugar refinery. Pupi- 
form cells (Cladosporium, Septosporium), are variously produced 
on all final decay of substances. Their blackish mycelia are some- 
times developed from antennate mildew (fig. 1, etc.), as some- 
times from the rusty specks (puccinia) of blue-grass, covered with 
the snowy blight which bears the “pupiform bottles,” the “fingered 
yeast,” and “oidium monilioides,” all on one undivided fibre. 
They also arise from very delicate fibres, acquiring inflated 
joints in single file. Some produce (on tea-leaves and charcoal- 
filters) a very stout, dissecting fibre (or oidium), with coral- 
like dissecting and lemon-beaded arbuscular summits. These 
assume a pink (miniate) color, and dilapidate into a most subtle 
molecular powder of the same color, each molecule redeveloping 
(on leaves in fig. 1) into a “fusidium,” or crescent, and fibres 
whose tops detach one or two oblong joints, hanging in a drop ; 
and which also directly assume the fusidium form. 

These w coralline arbuscles ” also directly sprout iqto pupiform 
spores and aspergilli. (See figure.) It is nearly the same in shape 
as the erect, antlered files (of oblique lemon-shaped spores) which 
form the well-known gray rot of peaches ( Oidium fructigenum , 
Torula fructigena) abundant on all stone-fruit. This form is often 
as destructive to pears and the pear-tree as it is injurious to the 
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peach-tree, whose branches it infects. It also occurs in Europe, in 
the live flower of the Prunus Padua, and of the plum-tree, whose 
fruit it parasitically infects, converting it into empty, pimpled blad- 
ders, called in Germany “ Narren ” (fops). As a parasite, nestling 
in the live parts of the tree, it becomes of the highest practical 
importance to be acquainted with its developments. Its continual 
abode and hibernating place is the exuded gum of the wounded 
peach-tree. On the fruit, the parasite develops the gray coral 
mould (“ Torula fncctigena ”), reproducing its own form so long as 
acids, etc., are present, either by sprouting anew directly from the 
fallen bead, or else, extruding, from a stout mycelium, at every cell- 
dissepiment, a girdle of very long, but extremely fine spiculae, which 
rapidly grow into bulky fibres, repeating the w torula.” When the 
contagion extends to the green stalk and branch, the beads extrude 
through their nozzled ends a globule, which readily sprouts into a 
very delicate, snowy, ramified floss, bearing clear botrydium-heads. 
The latter here consist of free “didymous” or “ trichothecium” 
cells ; oval and bipartite by a cross-partition. These copular cells, 
when fallen off and crumbled, give to the shrivelled peach or plum 
a well-known pinkish color. When alighting on the soaked gum, 
however, within a single night each copular (or “bipartite”) cell 
increases to a huge size. The developed vibrionic contents make 
each compartment appear as a perfect globe, each crowned with 
one-half of the gelatinous, macerated cell-membrane, as with a 
skull-cap. The contents and gelatine soon become confluent into 
a lagoon of oscillating, colorless single vibrios, resembling the 
orange vibrios poured forth from the spores of wheat-rust or of the 
red-cedar galls. They now travel in galaxies of myriads upon 
myriads of individual contagious germs, wherever the flowing and 
spattering water carries them, — all over the surface of the tree, 
down to the wounded roots, and impregnating the soil ; while 
those copular spores, which remain embedded upon the gum-knolls, 
by indurating and reviving as serpentine mycelia, perpetuate the 
infection. 

I have seen the same “ Oidium, or Torula fructigena,” on pears 
(which abound in gummose substances), and the crusty packs of 
tessellate cells, as of the peach-gum, developed in the liber of the 
infected pear-tree, as found on specimens submitted to me for 
examination. There can be no doubt that on both the peach and 
pear-tree the disease is identical, and mutually contagious. 

As to the specific nature of this parasite, the development of the 
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serpentine fibres directly into Aspergillus glaums (as found on 
bread and on peach-preserves) argues the destructive peach-rot to 
belong, likewise, to the series of the Zymotic Fungus. 

Besides the enumerated forms, many others are at present fully 
known as belonging to this vast cycle of ferment developments. 
The cymose crowded “ tetrasporous sporangioles ” — well figured 
by De Bary and Woronin * (pseudo-genus “ Melidium ”) — are fre- 
quently observed, and also spring as a globular umbel from semi- 
mature vesicles, when kept in damp air. A charming “ botrytis ” 
form (connected with the “ hydrophora” form of seed-vessels) is 
the Botrytis Fonesii ( Chcetocladium Fres. t) of repeatedly whorled 
crowns or clouds of (fugacious or) “ flying spores,” each successive 
system of nebular coronets being itself centrally traversed by the 
naked axis, as with a crystal spear, etc. It furthermore appears that 
all forms quoted under the head of Glen. “ Mucor,” u Ascophora,” 
“Hydrophora,” and “Melidium” (aside from all “ Aspergillus ” 
and “ Penicillium ” forms, etc.) — belong to the same species, or 
the Zymotic Fungus ; a “ Mucor ” by right. 

2. Congeners and Classification of the Yeast Fungus. 

The decay of the grape on the vine here requires a particular 
notice. All healthy, mature grapes ferment with the fermentic 
fungus, and mould with a florition form of its penicillium, which 
also rapidly develops into fingered yeast (as on wine-bungs), un- 
til putrid decomposition warrants the development of the (mucor) 
seed-vessels. The “ mother of (wine-) vinegar,” even when dried 
up and remoistened, produces ascending pencil-tufts, which on the 
older fibres are seen rapidly rounding into “pencil-heads;” the* 
latter again condensing into grayish, ashy-looking “ mealy-heads ” 
(above). The immature, healthy grape-berry, in its turn, sprouts 
into a powerful aspergillus production ; as of bread-mould, etc. 

These are emphatically forms of the common mould, or Yeast 
Fungus. 

As for the diseases parasitically incident to the living grape, 
their development phases remain up to this hour practically 
unstudied, unexplored, and apocryphal It must here be stated 

* “ Beitraege zur Morphologie und Physiologie der Pilze, 2 te Reihe. Frank- 
furt a. M. Christian Winter,” 1866, pp. ▼. and vi.,figs. 1 and 2, as forms of Mucor 
Mucedo. 

t Ibid., p. vi., fig. 11. 
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that, of the two forms of grape-mould occurring in the West, one 
is the “ botrytis acinorum ” (too well known to fun gists to admit 
of any further modem synonyms being inflicted), which is widely 
spread through both hemispheres. Its white, oval sporules, adher- 
ing by fours to cruciate top-ends, form together a sort of slender 
grape-stalk with clustering spore-crowds. It differs in shape from 
both the chocolate-colored (pipette-whorled) botrytis of Zymotic 
Fungus (in fig. 13 of our plate), as well as from the “spear-crown” 
botrytis (“ Fonesii ”) of same. This, however, by no means neces- 
sarily excludes it from the possibility of belonging to the Zymotic 
Fungus developments. 

The well-known “botrytis acinorum” attacks the stalks and 
leaves of the grape-vine, causing the berry to wilt. The other 
form, of putrid character, is the Phoma uvicola ,* or “grape- 
comedo,” its salve-like, seminal contents (compare description of 
fig. 6) being protruded, like the nasal “ comedo,” by the contrac- 
tion of the superficially innate, globular cyst; otherwise simpler 
than a (stemless) Mucor Mucedo, such as are found (extraneously), 
e . g~> upon peach-preserves. At all events, the phoma is a late 
form; adult, or sub-adult at least, — later than the “botrytis” 
phases of fungi generally, t — and hence might lay claims to being 
a derivative of the grape-botrytis ; which, however, does not seem 
to occur on the same plant in the same year with the punctured 
rot, or comedo, as far as I have been enabled to ascertain as yet. 

The phoma-spots, when slips containing them were watched 
developing between glass slides, under |the microscope put forth 
luxuriant mycelia, whose fibres occasionally condensed into nu- 
cleolar convolutes; while others formed the most luxuriant gar- 
lands of some “ botrytis ” form, not clearly recognizable, however, 
on account of the intervening mass of fibres. 

In the “ Sy8tema Mycologicum ” of Elias Fries, this “ Phoma 
uvicola ” is missing ; but similar or identical ones are described as 

* “ Phoma” (plur. phomata), — a “burn,” or “scald,” — derived from the 
,, Greek, is of neuter gender. “ Uvicola,” — *. e. t dweller on grapes, — a Latin mas- 
culine substantive, is added as surname. The apparently feminine form of the 
whole name has given rise to a misunderstanding of its gender. . 

t The adult “ black-enamel ” crust of Sphcrria effusa on black-oak, etc., is deL 
rived from “ Trichothecium ro&cum,” the botrytis-form of the “ red-gum pimple ” 
of the branches of the same tree. Another (Indian-red crust) Sphaeria, on 
hickory-hoops, etc., originates directly out of the massive co-cementation of the 
fallen copular spores of a (snow-white) “botrytis” of its own, which itself 
springs from an antennate or oidium form of its own. 
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occurring on the fallen leaves of willows (“ Pkoma salignum ”) in 
winter and spring — (thus filling up the season succeeding that of 
the grape-phoma) ; similarly on the aspen or cotton-wood ( a Pho- 
mapopuli” ) ; and his “Phoma pustula ; ” on u fallen oak-leaves ; 
in America likewise;” and “ Phoma tylarostomum ” on the 
nether surface (as usual) of leaves of the myrtle and Lardizabale® 
iii Chili.” A quite important item we moreover find with his 
“ Phoma JUum ,” viz., “found on the living leaves of the bind- 
weed and aspen, and as a parasite (sic) upon the rust-spots of 
either, and also (‘ parasitically ’) on the Phoma populi ; ” t. e n to 
all reasonable intents and purposes, the ultimate product of the 
rust of those leaves (in whose rust-cicatrices I have also found 
them, within the rust-tissues themselves), and also identical with 
Phoma populi, — the difference being only nominal, occurring 
both on the live and effete foliage, and thus evidently uniting all 
the rust and phoma seasons, and breeding innumerable sources of 
infection the whole year round in one unbroken circle. Attention 
has been called before now to the fact that the “barberry-blight” 
(“ jEcidium JBerberidis ”) breeds rust in wheat. The discovery of 
the facts thus construed was made or known in New England, 
and consequently “legislated upon” for about a century and a 
half. It was, nearly up to this day, hotly contested by the incum- 
bents of chairs or “ degrees ” of botanical science, on the assumed 
ground of “ established ” diagnostic conceits. It is owing to the 
experimental labors of Oerstedt and of De Bary, that the micro- 
* scopic, developmental proof of this fact, accredited in both hemi- 
spheres by the daily repeated circumstantial evidence among the 
practical farmers, has ultimately been established on an unim- 
peachable basis; gravely committing those “qualified,” govern- 
mental repudiations on the other side of the Atlantic. 

The white “ antennate mildew ” (or “ oidium monilioides ,” fig. 1), 
so abundant on blue-grass ( Poa pratensis) arises itself from a 
rusty mycelium, within the grass-blade ; whence also, in fall, its 
pupiform phase (“ Phragmidium ”) is produced, as in the case of 
microscopic development, mentioned sub “ fig. 1.” In its “ fingered- 
yeast” productions (ibid., also sub fig. 13) it resembles also those 
of the cotton-wood rust. From this it may be inferred that the 
rust-diseases, when once fully traced, will furnish a parallel to the 
Zymotic Fungus. 

Notwithstanding the excellent experiments of Professor A. de 
Bary, of Jena, the full development of wheat-rust is not yet ascer- 
A. A. A. 8. VOL.. XIX. 39 
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tained. I have found a “rust” (apparently coinciding, in its 
spores, with the oblong ones of wheat-rust) on all the huge cotton- 
4rees (Populus canadensis) growing in the American Bottom 
opposite St. Louis. At the period, and mostly on the day, of the 
leaves falling from the tree, the rust, hardly observable on the 
leaf before that time, at once breaks forth on the lower surface in 
enormous quantities, strewing its seed all over the country. 1 
think this to be the true nestling place of the wheat^rust; its 
“ second crop ” of the year after the wheat is harvested. The rust 
appears in all Gramineae in slits, or straight lines, following the 
interspace of veins. Following the interspace of veins, if the 
same rust attacks also reticular-veined leaves (as it does attack 
the barberry, and vice versa ) , it must needs break forth in corre- 
sponding dots or marks (not in straight lines), on such netted 
leaves. As far as I have been able to ascertain from old cotton- 
wood leaves, that part of the rust which remains behind in the 
tissue afterwards produces globular sporangia with a circular open- 
ing (resembling an infusorial Arcella-shield), and is at that time 
replete with rust-colored fusidia (like those in the immature # warts 
of the red-cedar galls or j oodisoma juniperi). 

The famous “ Oidium Tuckeri ” has not yet been found destruc- 
tive in America, so far as I have been able to ascertain. All com- 
mon mildew, particularly that in hot-houses, where roses are raised, 
abound with an oidium mildew, — probably of Erysibe ; perhaps, 
of the Yeast Fungus. 

We are as yet left in the dark as to the nature of that oidium’s % 
adult stage. I have seen the zymotic mucor scantily present on 
grape-leaves, — not in this form, at least, a destructive disease ; 
but then the “ oidium ” or the “ botrytis acinorum ” might belong 
to it. 

The main point appears to be that we never raise a single 
healthy vine, except from the seedling. Not only is every indi- 
vidual plant grown from cuttings with denuded, exposed, and often 
mouldy surfaces, but the entire culture is a morbid one ; forcing 
the plant to do what it naturally of course would not do ; adding 
injury to injury, and forcing an unseasonable second growth of 
sickly thin sprouts, destined to fall a prey to decomposition. We 
actually do not know of any of our varieties, how they would, on 
an average, do if left to shift for themselves without any “ suigical 
attentions ” bestowed with the pruning-knife. It is thus we know 
of none the true, spontaneous growth; the natural season of 
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blooming; the age of fertility; the immunity and durability of 
the plant ; nor even its average yield, through several years, if 

good enough ” was “let alone,” as the case might be. We all 
commence wrong end foremost (which, in Latin diction, is “pre- 
posterous ”), purporting to “ alter ” the course of nature, before we 
ever knew wherein it naturally consists. Without a knowledge of 
the normal, we cannot construe the special or the exceptional. 

Having thus far specified the structural details of the Yeast 
Fungus, connectedly, and, so far as explored, completely, it remains, 
as for its morphic characteristics, to consider it in the light of (both 
contradis{inctive and generalizing) comparison. After having thus 
far traced the “ intrinsic ” connections, — as of the species, — we 
may now be qualified to elicit, collatively, its “ extraneous con- 
nections,” or so-called generic ones, and the “natural affinities” of 
this fungus, generally speaking. 

Considering first the adult form, — or “ fruits ” whereby we are 
to “recognize” our fungus, — the alleged genera “Hydrophora, 
Ascophora, Mucor, and Melidium,” at least, are (with the excep- 
tion of “Thelactis”) for the greater part identical and truly 
synonymous, or represent various phases of the sporangia and 
“ sporarigioles ” of the yeast, or common mould itself. The pseudo- 
genera “ Azygites, Syzygites, Eurotiuum,” etc., are hibernating or 
spawning sporangia (Dauersporen of De Bary), partly belonging 
to the Yeast Fungus, partly (as on roses) to Erysibe, as below de- 
tailed ; sprouting into “ flying spawns.” 

Among the species of “ Mucor,” in Fries’s Systema, nevertheless, 
we find some which evidently belong neither to the yeast-plant, 
nor to the rest of Mucores. The (Brazilian) oblong-headed ones, 
or “ Thelactis ” of Martius, belong in all probability to the 
(older) gen. Phy corny ces, Kunz (ibid.), characterized by its “erect- 
clavate, and apically umbilicate” sporangium. It has been re- 
discovered and redescribed as “ Achlya prolifer a, ” Cohn, and. by 
Professor Leidy figured as his “ Enterobryus.” I have myself ex- 
amined this fungus as a contagious disease upon fishes. The 
“fish-pest” was introduced with apparently healthy fishes, taken 
from a St. Louis “ sink-hole ” pond, by drouth reduced into an 
offensive mud-wallow. 

The sink-hole fishes were partly dead, and covered with a dense 
mould, about one-half inch long: part, however, were caught 
moulded alive, and swimming about; while others had remained 
apparently intact. The latter, when introduced into an aquarium 
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occupied by some hitherto healthy Merrimao fishes, not only began 
to mould themselves, at first, all over the body ; but gradually all 
the others perished of the same disease. 

Another true Mucorine genus is evidently “ Pilobolus,” distin- 
guished by its fleshy, clavate stem, and globular, apical sporangium. 
It is found on horsedung. 

As for the alleged genus “ Periconia,” it actually only implied 
the (adult) thin-coated (immersed) sporangia “transuding their 
spores.” They, however, are borne on the same branches with the 
smaller, thick-coated ones, or immersed “ sporangioles.” But the 
diagnostic determination also brings under this head, as above 
mentioned, the “ concentric-stratified ” aspergillus (“ Piptocephalis 
Freseniana ” ) ; and (by similarity) the “ confluent ” aspergillus, 
and also the “ mealy-head ” confluence of the (augmented) globu- 
lar-umbellate penicillium (fig, 13). Moreover, it covers all corre- 
sponding phases of similar or dissimilar fungi, and emphatically 
by its predicates subsumes also the entire genus “ Coniocybe ” of 
Lichens. 

The same considerations apply to the floritions, or precursory, 
often “ pencilled ” forms. I have in loco introduced some contra- 
distinctive descriptions of those of other fungi ; and it may be pro- 
per to add that, according to Bonorden’s minute researches, the 
basis of agaricine formations are “ vast heaps of endless self-repeti- 
tions of (the corresponding) penicillia. The same formation enters 
into the structure of the volva ; and it thence passes into the psal- 
tered lamellae, of which it produces the superficial stratum, in a 
densely connected fashion. Some of the ultimate, terminal beads 
swell to a pyriform shape (like an incipient ‘Piptocephalis 7 ) by 
the way), and each extrudes the well-known four spores, each erect 
on a pedicel.” 

The “genus” Stilbum, likewise resembles, in its origin, the 
aspergillus, and also the genus “Calycium” of Lichens. It is 
found, e. g ., as a line-high, round-headed stubble, with an orange- 
colored stem and dusky, slimy, diffluent head (of erect and slim 
seriated beads), as the last production of some decay on melons. 
The “ new genus Antromyces,” as figured by Fresenius, evidently 
belongs to this genus. 

In the above case, a (green) melon shows mouldy spots, of a 
pink color. They consist of (pink) crescental spores (as of our 
fig. 1), which, however, are elsewhere of an olivaceous color, being 
borne in great abundance on stout and short surculous myoelia 
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within the cells, and permeating the entire melon. It afterwards 
produces a tea-green, and then foxy-red “ botrytis ” form ; followed 
up, on more exsiccated spots, by the “ Stilbum” form. The latter, 
*f not itself an aspergillus, at least forms the transition^ of that 
form to the Vibrisseae, which connect directly with the agaricine 
fungi on one hand, and the cupulate pezizoid ones on the other. 

As for the rest of (apparently adult) relations of the true 
Mucorines, in the first place the immersed, sebiferous sporangia of 
the phoma diseases must be mentioned, inclusive of the antennate 
mildew and the rust contagion. The “phoma” corresponds, 
perhaps, to the mucor, or seed-vessel ; the rust to the serpentine- 
beaded mycelia and fingered yeast ; and the antennate mildews to 
that of the (articulated) oidium forms of the yeast-mould. 

Closely allied to the “phoma,” or grape-comedo, are the genera 
Naemaspora, Sphaeronsema, consisting, like Phoma, of single sebifer- 
ous nuclei, and Cytispora (or Massaria) with a cellular crypt, but 
extruding a sebaceous cirrhus, while Ceuthospora is irregularly 
dehiscent. Septoria and the Stilbosporeae, likewise, may be men- 
tioned in this connection. Such spawns, however, which take the 
fusidium form, will frequently occur both before and after matu- 
rity, like those of the cottonwood-rust or phoma, and the red-gum 
pimples (tuberculia crypts, a phase of Sphseria development). So 
nothing definite can be said of their nature beforehand. (Com- 
pare above Stilbum and Fusidium.) Such organs are spermogones.' 

Particular attention must here be drawn to two very prevalent 
types of a “mildew” with punctiform, sessile sporangia; viz., the 
grapnel-haired and the bulbous-stellate haired “Erysibe:” the 
former abundant on the live lilac and catalpa leaves; the lat- 
ter, on all the mouldy live and fallen oak-leaves of vast regions in 
the South. In their inadult stages they form a thick-beaded “ mil- 
dew” (“Oidium;” “Eurotium,” when developing; “Caulogas- 
ter,” when taken in connection with its bunches of entrail-like, ela- 
vate-flexuous fibrils of the mycelium). “Syzygites,” Ehrb.,is when 
certain middle joints of its crescents are thickened up into cylindric, 
drum-shaped, spinulose, “hibernating” sporangia, such as are like- 
wise found on the zymotic “ crescents,” and figured by De Bary and 
Woronin, above, as a form occurring in Mucor Mucedo, the Yeast 
Fungus. By mistake, this has been originally construed (and 
afterwards so repeated on authority) as a “ copulation ; of clavate 
stubbles, arising from parallel fibres,” — these “parallel fibres” 
being the terminal (mucor-bearing) mycelia sprung from the 
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crescent. Compare De Bary and Woronin, above, tab. iv., vi, 
and vii. 

M Azygites ” also belongs here. It is represented in fig. 5, be- 
tween two of the augmented crescents on the same fibre. Such 
terminal sporangioles are often observed, the supporting joint tak- 
ing the form of an egg-saucer (altogether resembling the fruit of 
the sassafras). Such w Azygytes,” and u Syzygites ” or “hibemat- 
ing-spores” (Dauersporen, De Bary), produce spawning frizzles, 
disintegrating into u sporidia ” (De Bary), or flying spawns. In 
the Erysibe, they push very long and copious spiral fibrils, thus 
dissolved into spawning dust (always of a white color). 

tt Erysibe” (the seed-vessel itself) holds about one-half dozen 
of w asci,” or sporiferous follicles ; each of the latter containing, 
in various stages, one, two, four, or more ovoid spores. Its next 
ally by affinity is the sooty-looking, stuppose-haired Chfetomium ; 
resembling a sea-urchin, but only of pin-head size* It was classed 
among the sebiferous-seeded fungi, but in a fresh state contains a 
perfect globe of radiating (incurved) M octosporous follicles,” like 
all the disciform (Pezizeae) and nucleolar fSphaeriacese) fungi, and 
all the Lichens. Into the latter the nucleolar and disciferous fungi 
make a broadside transition, by means of the rimose-dehiscent gen- 
era Opegrapha ; the pedicellate Coniocybe ; the candle-snuff-shaped 
fungoid Baeomyces roseus, the Biatoras, and the crypted (phoiha- 
like) Verrucarias, Endocarpons, and Pertusaria lichens. 

W e thus can readily group the true Mucedineae, — viz^ “ Mueor,” 
the zymotic or yeast fungus ; “ Phycomyces,” the fish-pest ; and 
Pilobolus, the M dung-dew,” and their allies, the rust and phoma 
diseases (as on the grape and wheat), and the smutted diseases of 
our cereals — into the centre of the fungous domain. 

Through the minute-headed, smutted forms, such as Pilobolus, 
Physarum, the gelatinous-circumfused Didymium, Licea, Reticu- 
laris, and Cribrarias (the latter provided with a sort of elateres or 
elastic wool), they connect with the theciferous, partly u peristomi- 
ate,” and radiately divided (hence musciform) group of fungi, such 
as the minute and rusty-woolly Arcyria, exactly shaped in likeness 
of a wasp’s nest, on a minute scale ; and originally produced on 
setiform stipes (like the sporangia of mosses) ; the likewise rust- 

* See note, sub fig. 18. In one of its inadult stages, when produced on a 
stalk, it would be readily mistaken for the yellow bread-mould, but for its u areo- 
lated ” surface. This stage originates from a confluent “ artlirobotrys,” or “co- 
pular botrytis.” 
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colored, conieal Rcestelia (the peristomiate dimples or warts, in- 
festing the leaves of the pear-tree) ; while the huge Geaster, or 
“ ground star,” expands its Stapelia-like dehiscent globes (resemb- 
ling dehiscent hickory-nuts) at the foot of old stumps. 

The puff or smut balls (such as Lycoperdon, Bovista, Tuber, 
Trichia) pass into the agaricine “toad-stools,” or champignons, 
partly by the mediation of Podaxon (a large, hooded puff-ball, per- 
meated by a stalk, like an unexpanded toad-stool) ; while the forms 
of Stilbum and Vibrissa connect the Mucorines more directly with 
the Agaricinae. 

On the other hand, starting from the massive “ yellow-omelette ” 
form, strewn with grayish aspergillus dust, viz., the Mucor Mu- 
cedo, L., as found on peach-preserves (above), it connects with the 
frothy-smutted fungi, such as Spumaria, JEthalium, etc. (above sub 
fig. 10), which during the night appear out of very rotten stumps, 
the ground, etc., and occasionally alight on very different sub- 
stances, e. g., on a plough-share (“ Spumaria ferrincola ,” sic!). 
Both these and the “ smut-cap,” or Phallus, which in outward 
form rather resembles some agarics and the Morchella, at first also 
has its hymenium crowded with little yellow smut-sporangia, pres- 
ently dissolved into a viscid smut. 

Thus the connection between the Uredineae and AgaricinaB is 
complete. The latter represent the laminated or phyllodial, hence 
fern-like extreme, of fungous evolutions. From thence we are con- 
ducted by the carneus Cantharellus, and the evanescent Phlebia or 
rhizoctonium flakes, through the yellow, ligulate (or Gingko-like 
divided) Spathulea (truly a Cantharellus, it appears) to Sparassis, 
Morchella, and Tremella : that lymphatic colloid of a mesenteric 
form, and the phycoid extreme of fungi, which, through the 
sporangioled hymenium of Sparassis connects more directly with 
the forms of Pilobolus and the MucedineaB. The gelatinous, 
napiform Pezizeae again bring about a connection with the central 
Mucor-form, joining them with the larger disciferous or flabelliform 
Tremelleie, and with the nucleolar fungi, or Sphseriaceas (the disc 
becoming closed over) ; while the TremelleoB, through the “ scarlet 
root- wart,” or (both sebifluous and nucleiferous) Ditiola* forms 

* The structure of “ Ditiola paradoxa ” (sic), Fries, is not clearly understood 
as it appears. It forms a vermilion wart eruption on oak-roots in winter, and 
consists of awl-shaped and coxcombed crests, united into a tuberculous, rimose 
wart A longitudinal section reveals many cysts or “ spermogones,” whose 
semi-liquid small, spore contents are profluent as the rain wastes the tops away, 
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their close connection with the lichenoid * Sphseriaceie. The lat- 
ter again connect backward, through Chsetomium, Erysibe, Phoma, 
etc., etc., with the Mucedines ; while having a mediating link to 
the gastromycetous fungi, in the shape of the pyriform — first, 
nucleolar, and then disciferous — Bulgaria, and the quasi lenticu- 
lar-seeded (nuculiferous) Cyathus-chalyce, which is at first gelati- 
nous and pyriform-closed. The latter nodulous type receives, 
through the asciferous cysts of Aecidiese, its mediating connec- 
tion with Peziza and the central — and, as it were, originarian — 
type of the Yeast Fungus, or “Mucor zymius,” t Recentiorum 
(derived from the Greek “zyme,” the leaven of a dough). 


3. The Zymotic Agencies . 

All observers agree that in the incipient stages of fermentation, 
when “spontaneously” arriving, — i . e., by “mere exposure to 
the air,” so called, — the whole mass is already uniformly active 
by the time the smallest perceptible molecules (or vibrios) of fer- 
mentation appear. A few minimal germs* at present not recogni- 
zable as such, suffice to bring the whole into fermentation ; breeding 
billions of rapidly travelling vibrionic molecules, in a condition 
which defies all detection. 

As an example: a specimen of fifty-five p. c. whiskey, colored 
with burnt sugar, was boiled for four hours continually, at a tem- 
perature ranging between 90° and 100° C. After eight hours the 
residue was submitted to my examination. The colored ingredient 
was then found to consist, entirely and exclusively, of quite per- 
ceptible, brownish, single vibrios. The latter showed no inoscula- 

opening the pores. But it seems to hare been entirely overlooked, that the base 
at -last contains large, black, corticated asciferous cysts, as usual with true 
Sphaeriaceae. 

# * The Lichens likewise present, beside the central, typical form of Parmelia- 

cea;, a fungi-fomi modification in the loaf-shaped Placodium ; the fustoee Leca- 
nora and pezizoid Baeomyces and Calycium ; and a transition in Opegraphs 
forms. An axiferous, foliolate, or musciform one in the Cladonias, Stereocaulous, 
etc. A phyllodial, pteroid one in such forms as Ramalina, Evernia, Sticta, PeltL 
gera, and Umbilicaria. A true transition in the Fucacc® is Collema, joining the 
Zorariese of true Algae. A similar relation obtains in the other classes. 

t "Zyme/* the yeast; " kyma,” the wave (crest or) scum; the Germanic 
“ schaum,” “scum,” (froth), “schimmel” (dim. of scum), for mould; 
“kahme” (vappa), and “kamm,” “comb” (a crest), are of analogous deri- 
vation. 
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tive tendency, the scanty supply of available matter having 
already been consumed in the formation of vibrios. Under a four 
hundred magnifying power they were found to be rather sparsely 
distributed, — about four to a line of apparent size in the micro- 
scopic field. This gives sixteen hundred brown-coated vibrios to a 
real line, no less than 4,096,000,000 to a cubic line ; i. e., over seven 
and a half billions to a single cubic inch. A little saliva was added 
to a specimen confined between glass slips under the microscope. 
They now congregated into a compact mass, having mostly run 
aground in the mucous matter, in the course of their travels ; so 
that the surrounding liquid cleared up, and the mucus, densely 
crowded with the developing vibrios, which thus formed a compact 
caramel-colored cloud, could then be mechanically removed. 

This explains how a piece of spoiled beef, hung through the 
bung-hole into a wine-barrel, troubled with refermentation, when 
taken out after a few hours, will thus w clarify ” it, by the most 
comprehensive fishery on the smallest scale. 

In the majority of cases, as with fermenting infusions (tea), 
fruit-juices, mashes or (tainted) meat, the vibrionic particles are 
clear,” or colorless, and hence not so easily descried as the colored 
ones, mentioned above, or the “ black nebulae,” found on slowly 
decaying conferval spawns, or on floating pine-pollen. Gradually 
an opalescent cloud or superficial reflection, as of finely divided 
turpentine scums on water, — rather gelatinous or fatty-looking, — • 
becomes apparent. After a while, under high magnifying powers, 
dots are distinguished. The latter are not always at first transpar- 
ent, but (as frequently observed by myself, particularly in the 
case of decaying conferv® or the pollen of pine-trees above men- 
tioned) of a sooty black color. The latter kind of dots, consider- 
ably less than ufojj of line in diameter, are observable as a dusky 
mass or haze, accumulated around the confines of such pollen or 
conferval fibres, so as to present the appearance of a dark or black 
“indissoluble nebula,” — composed of individual elements no * 
longer recognizable under a six hundred magnifying power. 
Gradually increasing in size, they likewise become clear, and also 
individually distinguishable, as vibrionic, agitated, saltatory mole- 
cules. When at about of a line, they assume a confine, and 
then directly lengthen into fibres of the saAe calibre, which, as 
above detailed, either swell into yeast, or lengthen out into lepto- 
mitus. This is the average calibre of the finest fungous tissues ; 
e. where the corruption in dead or living wood penetrates in a 
A. A. A. S. VOL. XIX. 40 
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compact form, with the well-known black enveloping (or advance) 
sheet This appears in a section as a black vein or marbling ; re- 
sorbing, in its rear, its own fibres as it advances, invading the 
sound wood-cells. These it substantially fills, exhausting their tis- 
sues ; leaving them (in the rotten part) behind empty, and enclosed 
roundabout within this enveloping “ hypothallus,” or front line, 
which is often found doubled back upon itself as carried by the 
accidental moisture, etc. In the case of the verdigris Peziza 
ceruginea, — often found on red-oak wood, — its dark green color 
penetrates far ahead, without a confine, into the apparently healthy 
wood ; while yet no distinct individual fungous particles are dis- 
cernible with the strongest magnifying powers. It hence follows 
that the fungous agent is there prior to the “ decay,” and, cceteris 
paribus , the (distinctive) u cause ” of it ; and, also, that the first 
invasive fungous agent is not always discernible with our present 
microscopic powers. 

The fermentic dots (and similar ones of other fungi) appearing 
uniformly by the billions at once, no clew as to their origin was 
given, until the late discovery of the “ nebular exudation of germ- 
life ” from the smallest fungous fragments (sub fig. 8 ) was 
made. The minuteness of these final, constitutive particles fully 
coincides with that of the fermentic inchoative form ; being so 
minute that, upon the mere surface of the smallest fog-vesicle visi- 
ble at ten inches’ distance, fully a million of independent fungous 
integrals might find accommodation, whether such germs be of a 
single or of a million of different species. The “spontaneous” 
origin of fermentative accidents can thus very readily be accounted 
for in any pendant case on record. Of course the application to 
infectious epidemic diseases is tangible. For aught we know, their 
multifarious “ germs ” (if of a parasitical nature at all, and not 
dependent on mere physical or dynamic fcircumstances) might be 
ubiquitously present, ready to seize on a constitution susceptible of 
their parasitic action, if so be. 

The ultimate, subtle, and thenceforward inscrutable suspension 
of organic germs is here evidently the main point. The nature 
and existence of neither the pulverulent (vibrionic) chalk-white,* 
pruinose (moss) efflorescence from clay in spring, nor of the 
spawning frizzles, afrd the still more infinitesimal, nebular germ- 

* “ All clay or earth, — even when only recently dug up from pita or excava- 
tions, no less than every surface crumb of soil, — after snow frost, and then on 
drying up, will be found sprinkled with an efflorescent, white, subtle, incrasta- 
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effusion in firngi, had as yet been ascertained. This being known 
and re-observed thousands of times, there is no longer any oc- 
casion for supposing a “ generation ” (sic) without a generator or 
germ. 

Let us here, for an example, consider the ferment of the main 
river of our country, the dusky-flooded Mississippi. The old St. 
Louis city reservoir contained the supply of water for about 
twenty-four to thirty hours. The water was thus left essentially 
unaltered, such as it was gotten, and passed through rapidly, being 
speedily transmitted to the hydrants. In the reservoir the water 
stood about twelve feet deep, rather accurately even-floored, as a 
late accident revealed ; all the remaining depth of reservoir hav- 
ing been filled up by the growing deposit of a fine, gritty, grayish 
sand : after drying, barely cemented, and by the slightest pressure 
at once crumbling into the finest quicksand. There is hardly any 
other u impurity ” contained in this material, which readily sub- 
sides, after a perfect rest of about twelve hours in a barrel. There 
remains, however, in the water, an opalescent (pale, milky-hued) 
“ enaiorema ” or innatant ingredient, of which in hot weather a 
great percentage rises and collects at the surface (e. g., of a barrel) 
in the shape of a gelatinous cloud, one-quarter to one-half inch 
thick, in from one to several days. This cloud was almost entirely 
and uniformly composed of dark, brittlish, meandering, and half 
macerated fungous fibrils, about half as thick as a cotton fibre. 

tion, resembling snow or sugar thinly strewn. On marshy or manured places it 
acquires a conspicuous luxuriance ; e. g. } near dunghills, etc. The same is found 
efflorescent on well kept flower-pots in hot-houses, on the very crockery ; form- 
ing snowy designs like lichens or clouds, which — on repeated percolation from 
the inside, and in that atmosphere — are Boon followed up by all subsequent 
stages of moss vegetation, acquired in such favorable localities ; such as a bright 
green, or a dark green (‘ ulvaceous/ * chlorococcus/ and * oscillarious ') coat, 
followed by that beautiful minute and sap-green velvet, which is subsequently 
found budding the leaved stems of various true mosses (mostly of Bryum argen - 
teum). When thus efflorescent, like a dry white-frost, a little moisture will con- 
vert its truly impalpable and immeasurably fine germinal foment — like the in- 
choative ferment-nebulae — into a sort of gum, percolating all soils and streams. 
In such positions as leave the surface entire, — e. g., on embankments sheltered 
from abrasion, — it is then again efflorescent as a dry, white incrustation, which 
toward the moister places is seen growing, first, into a gelatinous -crumbed, brown- 
ish meal, rapidly converted into glairy, vivid green * ulva.’ The latter, turning 
of a lustrous blackish-green (osdll&ria) color, subsequently produces the buds of 
bryoid, true moss, with (or without) its soft green velvet tapestry (or * rhizoclo- 
nium/ etc.) from * gloeocapea '- cells.” — St. Louis Medical Reporter , Jan. 1, 1867. 
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Such fibrils ate constantly exuding *a fungous “ nebular” bare of 
frothy cream, which has sometimes been seen by myself visibly 
spouting forth from the hydrants, and filling the air with offensive 
gases, priorily compressed within the pipe. Where a sufficient 
amount of new aliment — e . g. y a little piece of glue — was supplied, 
this “ haze 99 or “aura” attained a great luxuriance,. and within e 
forty-eight hours I have seen all the glue and molecular froth 
together converted into a dense “ leptomitus.” 

The floating swamp-productions, — e. the oscillaria moss- * 
spawns, — forming in summer dense “ rugs ” along the sides and 
over the entire bottom of sluggish streams, and incessantly buoyed 
up by the gases generated, carry an immense amount of gelatinous 
deliquescent, corruptible matter into the turbid river. The dark, 
deep, and turbulent river is, of course, unfavorable to the develop- 
ment or even preservation of such spawns, which are reduced to 
their subtlest germs ; while the greater amount of their gelatine 
falls a prey to a sort of gangrenous corruption. It is evident that 
in the river the greater amount of corruptible matter is already 
completely decayed, and converted into the finest fermentic germs, 
ready to infect at once any suitable substance offered. They evi- 
dently come into account almost exclusively for the enormous 
amount of M albuminoid ” matter — whether animal or vegetable 
— shown to exist in the water by the following experiments. 

Not many years since a prominent drug-store of St. Louis, Mo., 
largely engaged in chemical manufactures, in order to test the 
availability of the water as to freedom from corruptible substances, 
had a glazed settling-urn, in a cellar, filled with previously decanted 
hydrant water, and carefully covered. There was very little of 
earthy sediment present, but the “ opalescent ” impurity (men- 
tioned in the “First Report St. Louis Water Commissioners, 1 ? 
1865, p. 25) was, of course, not removed. After a few weeks the 
water/ appeared clear, at first sight ; but in the throat of the urn, 
about one-third of its diameter, a compact ledge, averaging one- 
half inch thickness, of a perfectly transparent “ leptomitus ” jelly, 
was found. It was itself altogether inodorous, all corruptible sub- 
stances having been consumed by it ; and I found that it consisted 
entirely of the finest fungous fibrils, closely packed ; two thousand 
side by side to each line, four millions to a square line. Most of 
them being in a process of transversal self-division into globules 
of like diameter, it afforded as many as the cube of two thousand ; 

%• &, eight thousand millions of individual and well-defined, cellu- 
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lar, septic germs to the cubic line. No adequate sanitary analysis 
of the Mississippi water, at St. Louis, having ever been under- 
taken by the metropolitan water-work commissioners, this palpable 
neglect v* 8 in P art redeemed through the unrepaid services of Dr. 
Theodore Weiss. Several analyses were made by him of water 
drawn from the hydrants at different seasons, and at different times 
of the day ; those of four specimens taken at different parts and 
depths of the reservoir ; and several from the surface of the river. 
One was independently executed for me by Professor A. Wadgy- 
mar. All analyses concurred in this startling result, that in sum- 
mer the hydrant water contained, on an average, six grains of 
exsiccated mucilaginous substances to each pint of drinking water. 
Of this enormous percentage, partly of fungous fibrils, grown of a 
corruption already gone through, one-half remained on the chem- 
ist’s filter, while one-half passed it (three grains) in a soluble 
form. 

The results obtained from a specimen taken at the upper ferry, 
midway in the river, where the waters of the North Mississippi 
River and Missouri are commingling, showed the gritty mineral 
deposit to be only one-tenth, and the organic percentage one-third, 
of the above average. At the time of the late cholera visitation, 
the untiring attention and efficient action of the Board of Health 
revealed the fact, that in course of time the offal of no less than 
twelve butcheries was being discharged into the river above 
the spot where the suction-pipe was located, close to the bank, in 
shallow water. The effect of the immense amount of garbage 
thrown into the river at St. Louis is such, that the water taken in 
July, about six feet out from the bank, at Sulpljur Spring Station 
(about twenty miles south of St. Louis), was found undrinkable on 
account of its cadaverous taste, or perceptible “ taint.” 

Water drawn directly from the hydrants, unless cooled down to 
a frosty temperature (by melting ice, whereby the fermentic 
property is momentarily checked, and so much pure water added), 
affects the stomach at once with a nauseating disrelish, — a 44 sick- 
ening,” or at least 44 unsatisfactory ” effect, actually preventing the 
slaking of thirst, as required ; while cistern water, or that derived 
from ice itself is imbibed with a relish, even if at a lukewarm tem- 
perature. 

In a like manner, air, when imbued with disease, malaria, efflu- 
via, or unknown noxious agents (e. g~, at times when cholera is 
epidemic) seems u oppressive,” not affording any of the bracing 
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effect of “ pure ” air ; t. air which is relishable. In both cases 
the a bracing quality ” is very sensibly appreciated as such, but by 
no means necessarily as a “ taste,” — whether a true (glossopharyn- 
geal) savor or a “ flavor ; ” t. e n an odor internally experienced in 
the conchae on deglutition.* Speak of “ healthy water,” if it does 
not exactly smell ! Why not speak of “ healthy ” carbonic oxyd, 
for respiration ? It has no perceptible odor ; although it is not 
only unfit for respiration, like nitrogen gas, but a positive poison. 
Yet it is neither smelt nor tasted. 

Another evil, resulting from insensible but widely diffused cor- 
ruptive processes, affects such seaports as are placed at the mouths 
of rivers emptying into the sea. The brackish or salt-water, 
obtained from East River, New York, and sent west to serve for 
marine aquaria, was, on inspection, found thoroughly clouded with 
large “cirrhi” of mycoderm; and the yeast-fungus was found 
sprouting its pale penicillium and exserted oidium-joints on any 
solid floating substance. This may simply have resulted from im- 
purities incident to ports as such, — witness that of the city of 
Marseilles. In a great measure, however, the tidal alternation, by 
backing up of rear-waters, and a subsequent increased rush into 
the sea ; but, above all, the mere fact of the river discharging its 
fresh-water life into salt-water, and vice versa^ must necessarily 
cause a constant destruction of fresh-water life on the one hand, 
and of marine life on the other. In one respect the river serves 
as a sewer, in the other as a source of littoral life-destruction. In 
the latter respect the mangrove coasts of tropical climates may be 
mentioned as a never-failing source of malignant effluvia. 

A most remarkable and significant feature in the manifestations 
of the yeast-fungus, as a corruptive, is that, although it is seen to 
freely decompose (and nestle upon) other fungi, it remains itself 
apparently unaffected by such agents ; or, at any rate, if effete, it 
will, like all other substances suitable to furnish life-material to the 
yeast-plants, primarily fall a prey to its own latent germs, or to the 
omnipresent ones of its own kind. This has given rise to a fore- 
gone conclusion that the “ oidium lactis ” and w mucor ” were final 
evolutions of all (effete) fungi. 

It is this truly universal leaven of nature that not only ferments 
our best victuals : the bread ; the wine ; beer, cider, milk, cream, 

* See “ Experimental Observations on Taste and Smell , 99 Proceed. A. A. 

A. S., 1864, p. 266. Also, “ Vindication of American Priority,” St Louis Medi- 
cal Reporter, Jan. 1, 1868, p. 644. 


Digitized by <^.ooQle 



BOTANY. 


319 


cheese, and curds; the vinegar; greens, krout, and pickles — but 
likewise demonstrably effects the putrid decomposition of all 
human flesh * and human diet ingredients, — of waters, garbage, 
carrion, and contents of the water-closet. It thus becomes the 
natural or normal corruptive agent of all our M normal” as 
well as “morbid” body constituents and secretions; of all our 
healthy as well as abnormal stools and offal, without exception, so 
far as examination has ever extended. 

It is this fungus which likewise consumes the gelatinous, and 
often very massive (“ confervaceous,” “ protococcus,” and so-called 
“ palmellaceous ” paludal and uliginous) bryaceous spawns of all 
soils and bogs, of rivulets, rivers, swamps, and shores. 

It is thus universally productive of pernicious and (in a concen- 
trated form) offensive and essentially “ gangrenous ” effluvia, which, 
in a dilute condition, are mostly recognizable only as a mawkish 
“ flat ” (or swamp) odor. Essentially of the same nature are the 
dreaded “stinking fogs” or odors, whether originating from 
putrescent aquaria, from slaughter-houses, or from river-sloughs, 
swamps, and bottom-lands. These exhalations (recognized by a 
sort of “ burnt kid ” leather smell) are as distinctly felt as they are 
deservedly reputed to be directly productive of the malignant 
swamp-fevers and “ congestive chills,” both in the lands surround- 
ing the “Putrid Sea” (Seewah) 'of Crimea, f and in the redoubta- 
ble Tara! bogs, at the foot of the Himalayas. The same probably 
applies to all the extent of malarious flats which follow the abrupt 
southern declivities of the line of alpine elevations from the 
Pyrenees to the Himalayas, such as the valleys of the Ebro, the 
Rhone, Po, Kuban, Ganges, etc., and to all other malarious 
plains. 

From its known abodes, its sufficiently well-known action, and 
the asphyxiating (perhaps desozonizing) influence of its nitrogenic 
effluvia upon the atmosphere upon which our very “ breath of 
life ” or of death depends, this fungus — a constant irritamentum 
malorum, as well as the active principle of benign fermentic ener- 
gies — may, of all, lay a prior and sweeping claim to the title par 
excellence of the “ Zymotic Fungus.” The study of its processes 

* As above (compare fig. 8) observed, the muscular fibre in the process of 
putrescence seems to dissolve substantially into the sarcoda vibrios. The latter, 
judging from Liebig’s latest analyses of the “ active yeast ingredient,” have the 
identical chemical composition as the flesh. 

t St Louis Medical Reporter, Jan. 1, 1867, pp. 526, 527. 
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affords not only the most comprehensive analogies to the formation 
of all organic cells, but also to the vital “ assimilative,” and hence 
“specific” creative functions of every other organism; with this 
advantage for study, that in such elementary structures the pro- 
cesses of life are laid open to inspection in vivo. 

As for its influence on morbid phenomena, its action may be 
rather estimated, than it can at present be determined, by the com- 
parison with the action of such fungi as, being parasitic on certain 
trees and their leaves, take a luxuriant growth also in the masti- 
cated fragments of the same leaves, within the body of the cater- 
pillar, which feeds on it, as in the case of the Muscardine. The 
lymph and blood, containing such aliments, likewise become de- 
monstrably affected, and charged with the visible (orange) vibrios 
of the fungus ; and in the case above quoted (Pasteur’s discovery) 
this even extends to the eggs of the hatched (but diseased) moth 
of the silk-worm. 

It is, however, but too true that the crowd of supposed “ spe- 
cific vegetable parasites,” lately claimed as the specific virus of 
several dozen diseases, — from the diarrhcea to the hydrophobia (!) 
— are only fragmentary forms of the inevitable decay, and neither 
show any mutually “distinctive (specific) characters” whatever, 
nor have they been bred into any thing like a mature condition. 
Surprising as the fact may appear, the vicious circle which binds 
together those alleged discoveries simply amounts to this, that it 
was taken for granted, a priori , that contagious diseases must be 
“fungine parasites,” on account of the resemblance between 
them and the true fermentic phenomena; oblivious of the fact 
that all normal regenerative life, above all, is itself of an essen- 
tially “ reproductive ” nature. Several morbid functions (or “ dis- 
eases”) being “specific” (as all our normal functions * emphatically 
are), some specific fungus was to be made responsible for it ; and 
whenever an incipient fungous development was found in the 

* In their own “ vernacular,” this school might be answered that r seeing the 
functions of the body are specific, of course every man must be his own fungus ! 
We have lately seen proclaimed, among the great number of “ new specific 
fungi,” such genera and species as “ Crypta syphilitica , C. gonorrhoica , etc., Sa- 
lisb.,” the debris of the spiral elastic fibre of human anatomy, as found in old de- 
structive ulcers (vomicae; L. Beale) likewise. A species, without a cell or 
diversified structure ; without organs, growth, or development ; without a Natu- 
ral Kingdom, but that of (“ bad ”) names ; no plant ; no animal • a© life, — but 
a ruin ; truly a “ fungus a non fungendo.” 
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rapid natural decay of any morbid secretions, it was at once bailed 
as the (supposed) 44 specific ” fungus ; no rational comparison be- 
ing instituted for the inevitably arriving, normal fungous decay. 
The literature on this subject exhibits not a single experiment 
upon the nature of natural cadaverous corruption ; and this shows 
the entire want of discriminative comparison, whether between 
the normal and supposed abnormal, or between the supposed 
4 ‘specific ” organisms, mutually and respectively. We cannot, how- 
ever, pronounce upon the special, morbid or peculiar characteristic, 
before having compared it with the normal, healthy or general ; 
nor can we distinctly 44 classify ” things, unless we are acquainted 
with their nature, connectedly, completely, and distinctively (or 
u comparatively ”).* 

It is the old and well-known 44 oidium lactis ” form which has 
lately been detected on choleratic discharges after a week’s putre- 
faction (!), and hence construed into a bran-new genus, and claimed 
as a 44 specific parasite,” although neither new nor unknowifnor 
exotic, nor in any wise a distinctive feature. This famous 44 Cylin- 
drotcenium cholerce indices ,” stbi, Thome , or oidium lactis , forms, 
by the way, the only healthy or eatable phase known of the 
yeast-fungus ; since it substantially composes the rind of the 
justly esteemed clabber cheese. 

It is thus that this our innocent household benefactor has been 
feloniously caluminated, and also officially acted upon by the Brit- 
ish Government ; purporting to have it hunted up in its 44 native 
haunts, in the rear jungles of India,” as will be well and long re- 
membered.f < 

Our epidemic anxieties, and the ruling passion of our betters, 
have always exercised no little influence on the 44 customs ” of the 
period, variously taxing the devices of ingenuity. A short time 
ago, when 44 specific fungi” were all the rage, and were being 
brought in, daily almost, some professional friends of my acquaint- 

* The nature of things, as the Latin word itself (natura, from nasci) em- 
phatically implies, consists in their genesis. The understood causes cover all the 
“ consequences ” or ultimate, complicated phenomena which thence genetically 
arrive. Mathematical logic consists in the generation of ultimates from princi- 
ples ; Physics, in that of effects, out of causes ; Biology, in the knowledge of 
the origin, development, and end (reproducing its own vital factor), as for living 
things (“ beings," or “ essences ”). Mathematics is the quantitative, Physics the 
qualitative analysis of Natural Phenomena. 

t See Hallier, "Die Cholera-Forschungen der Englaender in Ost-Indien.” 
[P. 8.] Comp. Dr. Lewis : 6th Ann. Bep. Sanit Comm. Gov. Ind., p. 140, bel. 

A. A. A. S. VOL. XIX. 41 
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ance, on meeting in the streets, would no longer inquire, — in the 
spirit of ages, now among the past, — How is your bank? or, How 
are you, conscript? but with a conscious wink about the eye were 
heard to suggest, How is your fungus ? 

For should it not be truly painful to reflect that any healthy 
man should not only be found “ blooming” with the scourge of our 
potato-fields (“ oidium violaceum ,” Schaclit, fig 6, of our plate) ; 
but in his healthy stools be considered fraught with the dire 
“ Cholera-fungus ; fructifying only in India,” on eminent European 
authority! Must not any healthy and well-informed citizen 
appear to himself like a walking infirmary ; an object of just 
suspicion to any properly organized board of health ? Might not 
such a miserable feel committed like the Member of Parliament, 
who lately confessed to having had the rinderpest 44 himself”? 
Still, such are actually the grave complications arising where the 
unhurt receiver and dispenser of the omnipresent germ, which 
bre&ls poison under slightly altered circumstances (in the heat, 
the swamp, the water-closet, and the sewer), is crowded upon his 
fellow-man. Hence the “sewage question” — the sanitary ques- 
tion of the day — is emphatically one of the yeast or corruptive 
fungus, which has no corruption greater than itself. The great 
ultimate development of Rome, as a fortified city of rapine, it is 
true, but also of civic order,* was indubitably partly due to its 
“cloaca maxima ,” built by the Proud Tarquin: the fundamental 
ditch-maker of the Eternal City. 

The want of drainage is, indeed, the w dead” point of all metro- 
politan development of small places, and remains the vital ques- 
tion of two of the largest commercial cities at the most northerly 
and the most southern extremity of the Mississippi Valley, Chicago 
and New Orleans. 

Above a temperature of about + 16° C., the highly salutary, lac- 
tic fermentation' of all dairy produce — of milk, butter-milk, but- 
ter, cheese, and cream — is rapidly changed into the horribly 
offensive butyric one ; e. </., where milk or slops remain stagnant in 
sewers, or in the pestiferous slop-puddles forming near farm dwell- 
ings. It gives the full clew to the sanitary economy of those re- 
puted ancient lacustrine city-builders, already known to Tacitus ; t 

* Hence the term “ civilization.” How it operated, see Acta xxii. 25-30, 
xvi. 37-39. It is the main key to Roman successes. 

t Tacit. De Germania, cap. xliv. Suiones ; Svenske, the Swedes, who at home 
dwelt in the Swedish inland-seas, and, it is well known, in the great migration of 
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and the descendants of whose neighbors also retained their ancient 
vernacular in the name of a city famous for its natural sewers, that 
of “ Venedi,” or Venice. 

The Zymotic Fungus being the uniform ferment — yeast and cor- 
ruptive — of both the aliments and the flesh and secretions of the 
human body, it must necessarily exercise certain typical, if not 
specifically infectorious influences on that organism. Its forms and 
functions, vis and turns, are no less diversified than those of the 
most complex organization, — that of man, itself. It must also here 
be repeated that the fungus “ reproduces ” its special phases ; and 
consequently the “specific energies” thereto belonging, severally 
and respectively, so long as the nurturing material and other physi- 
cal conditions remain the same. It also persists in reproducing 
the previous type by preference ; thus, for example, transferring the 
oidium-monilioides production of the rotten cabbage to the apple 
(sub fig. 2), which from its own primary fermentation (starting 
from its acido-saccharine ingredients) only moulds with the “ pent- 
ciliium glaucum .” The mucor phase is much more apt to repro- 
duce mucor forms directly from its own ( uredo ) spores, rather than 
penicillia ; and the latter rather repeat their own form, for which 
the elaborated cell-contents are once adapted, than a higher, pro- 
gressive one. It is thus that an “intensified,” or special poison 
can, under special circumstances, be produced and rendered self- 
reproductive out of an organism innocuous under different ones ; 
and that to either utilize or to resist, our economy must be spe- 
cially adapted, or it must perish in a short time. The univer- 
sality, the beneficency, and the pervertibility seem to be equally 
shared by man and by that “ corruption ” : in the likeness of which 
our flesh and sarcode is “ sown ” (or spermatieally vibrionized), in 
the entire developmental and regenerative processes no less than 
in the reproductive ones. 

The chemical consideration of fermentic phenomena has hitherto 
only been cultivated from the points of view offered by the mate- 
rial,* which serves for the development of the yeast- vibrio. The 

nations, — caused by sudden arctic refrigeration in both continents, — pushed 
al&p into Switzerland ( which thence derives its name, “ ohvy tz Suecia ”). His 
“ Venedi,” or Vends, cap. xlvi., afterwards built Venice. 

* The multifarious action of the vibrio in producing the alcoholic, lactic, and 
putrid decomposition, has been repeatedly emphasized. The biological relations, 
however, being our present subject, the chemical detail of its effete educts cun be 
left to the chemical operator. 
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latter itself, however, has been abundantly confused with certain 
molecular animal phenomena which I have detailed in another 
place {Jour. Sc., July, 1871) ; and vibrionic inosculation has e. g. been 
described (in the symbolic language of 44 animalism, and its canni- 
balism ”) as 44 serpents snapping up vibrios.” The genus of reptile 
not having been specified in such cases, we are free to presume 
that it belongs to the class which, “ more subtle than any animal 
— made ” (». e., arrived at the adult state), corrupts the sources 
whence we draw our life. 

As a latent germ of disease, it partakes certainly of the viru- 
lence both of the snake and of 44 the leaven of corruption.” It is 
in this sense that particular attention is called to its partial ex- 
istence as a parasite on human secretions ( peniciUium hominis) 
within the ear, etc. ; the full development and nature of none of 
the actual fungous parasites on the human body being as yet studied 
to the end. I here refer to the scall, or ringworm ; the herpes de- 
calvans, pityriasis versicolor , etc. 

It is thus that particular interest attaches to the study not only 
of all its possible forms and phases, its conditional fermentic — 
alcoholic, vinous, lactic, acetic, butyric, etc. — and corruptive capaci- 
ties, but also of its adaptability to act as a morbid agent. In this 
respect the comparison with actual contagion through fungous 
agencies becomes momentous ; and reference has already (above) 
been made to the well-established case of the Muscardine. 

An analogous process has lately been observed by Professor Hal- 
lier on a fungous disease of pines : the 44 botrytis ” state of a Fumago 
(a perfect or adult fungine form, incident to willows, etc.). It also 
attacks the pine-leaf, and also 44 ferments ” (in its way) the bowel- 
contents of the ravaging caterpillar, which of course must perish. 
The fungus, as a matter of course, finds its way to the surface, and 
doubtless also infects part of the chyle, lymph, and “blood” of 
the insect. The simultaneous appearance of Mucor Mucedo on 
the surface, by no means, however, argues a vital identity between 
it and the “ Botrytis Fumago,” Fries. The larva died. It will 
decay ; if not by* the 44 botrytis ” of the tree, it must decay on 
some other fungus; and here we find the Zymotic Fungus repre- 
sented in the drawing by Professor E. Hallier. This alone, how- 
ever, cannot by any means justify his assumption of the Mucor 
being a 44 cell-formation common to all fungi,” as he would seem 
inclined to let it appear. 

Another case, which has excited attention, is the frequent 
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occurrence of the 44 Cordiceps mUitarts ” on dead Jun e-bug grubs 
It consists of one or two slender horns, like an antelope’s, pro- 
jecting one and one-half inches out of the dead larvae. 44 What is 
it?” we ask ourselves. Why, first, it is a dead grub ; second, it 
is consumed by a fungus. Reason says at once (1) grubs will 
sometimes die ; (2) they will then inevitably be eaten up, either 
by animals or by some corruptive decay. Next: What did they 
die of? Anxiety suggests, by “contagion.” Reason inquires 
about the indispensable — 

“ Quis, quid, ubi ; quibus auxiliis ; cur, quomodo, quando ? ” 

Who gave it? who found it? where, when, and how? The 
careful and explicit evidence soon reveals the fact that the grub is 
found in turf lately ploughed up. The grub fed on the roots of 
the grass. The grass was killed by the plough. What became of 
the grub ? Bad fare killed it. At all events it could not live thus 
any longer. Now all these connected natural circumstances fully 
explain that the grub had to die. We have, therefore, no further 
reason to suppose any other cause, this being sufficient to cover 
the case. Now, as for the second part, — namely, respecting the 
nature of its decay, — the common (normal) fungous decay of dead 
grubs is not known to us at present. It may derive its germ from 
the air, the soil, or the dead putrid grass-roots ; but it is not the 
decay of the human body; and it need not be, perhaps. Still, all 
this does not exclude the possibility of some 44 diphtherous fungus 
of grubs, growing out of the salivary glands ” of the same. Only 
the worm died, and was consumed. The decay probably proceeded 
from the bowels’ contents, which were themselves partly derived 
from decaying roots. The fungus completely stuffs the body, sub- 
stantially, with its own uniform, whitish, gristly mass, consuming 
all except the horny body constituents.* 

* The top of the horns (when bred in wet soil under cover) produces a cob or 
spike of close-set nuclei, replete with slender slivers representing long, thin, fili- 
form wires, of snowy whiteness, that spontaneously cross-divide into globular 
granules. These again form into chalk-white fungilli, in form resembling a can- 
dle snuff; and the whole stem and grub produce similar ones from every lesion, 
as well as spontaneously, — a sort of torula, acc. to Tulasne. If not asci, the 
slivers may be spermogonia for the Cordiceps ; what the red gum-pimples (Tuber- 
cularia) of oak-branches are to the nucleolar Sphtrria effusa (or “black-enamel 
slag ”) of the trunk ; and what the sebifluous apical cysts of Ditiola paradoxa 
(the vermilion root- wart) are to its inferior hidden sphaeriaceous cyst a or nuclei, 
all on one warty convolute. 
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Again, all dynamic, chemical, botanical, and zoological forms and 
constituents, as well as functions, being specific, — morbid processes, 
in the great generality of cases (excluding surgical ones), cannot 
anywise help being likewise more or less specific. For a specific 
process it only requires one thing to be sui generis ; and such, first 
of all, is the body itself. 

Now, as to “contagion,” we ought never to forget that the body 
is built up of tissue elements, which are not only reproduced by 
the generative processes proper, but also by way of internal regen- 
erative restitution. Propagation and regeneration in the case of 
the yeast, as in all others likewise, are at the bottom of conta- 
gion ; but, we may ask, how is it effected ? 

The whole system of life is an ocean of reproduction of its own 
normal constituents. The latter are partly, as in plants, “built 
up ” one upon another ; partly, as in animals, used up and replaced 
in loco , thus rendering an alternation of substance (“Stofi- 
wechsel ” ) by local restitution, a purely animal peculiarity. It is 
thus that, by a continual typical reproduction within itself the 
animal fabric is sustained. How if it should sometimes reproduce 
typically, but perversely, so ? It certainly “ fructifies ” regenera- 
tively within itself; and reproductively in the sexual processes, 
rebuilding another complete body out of very few vibrionic fac- 
tors. Should it not sometimes morbidly, perversely, and efe-struc- 
tively affect “ another body,” by such agencies as, e . g ., its own 
normally disintegrative factors having taken hold of the “ regen- 
erative functions ” ? In remoulting, are there not also constantly 
decomposing — not only the remoulding and remodelling — agen- 
cies at work ? 

As for the morphological agent concerned alike in all these 
cases, the normal (bi-sexual) animal propagation * is enacted by 
the seminal vibrios (a sort of “ Flagellate Infusoria,” of certain 
classifications). They previously constituted the “nucleus” of 
spermatic cells. 

A parallel is afforded in vegetable pollen-fructification, in the case 
of the common flowering moss, or Portulacca grandiflora. When 

* Comparatively speaking, perfect flowers are unisexual, or true (monosche- 
matic) hermaphrodites. The fertile animal system is bi-sexual, being (//-schema- 
tic, even in its apparent hermaphrodites ; such as snails. The glandular organ 
of the latter secretes, first, the seminal cells ; and then, likewise, the ovum ! The 
anther corresponds morphologically to both the animal ovary and the testes. 
Moncecians are “ mutilated ” monoschematics ; each flower being semi-sexual. 
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touched by the apex of a stigmatic papilla, each pollen-grain is seen 
to liquefy locally, and to disgorge a thickish stream of large indi- 
vidual vibrios, not enclosed in a hose, or w fovilla,” but freely and 
independently moving across and against the main stream and 
against each other. The well-known case of Asclepiadeae is very 
different, where the conglutinated pollen-cells develop a long dis- 
charging hose, which of course remains behind empty, like the 
pollen-membrane itself, as in the case of Orchids. 

Other animal and vegetable cells likewise have a nucleus or 
two, constituted of movable vibrionic particles, which divide 
apart and course about, in the process of cell-division, or, as chlo- 
rophyl-granules, stream toward the light (as in young moss-leaves), 
and retire on its cessation. They also leave the mother-cells, and 
originate new net-works of vivid green cells around the empty 
ones in the development of certain moss-leaves ( JBryum argen- 
teurri). The fact is, that the so-called “rotation of protoplasm” 
is actually an intra-cell ular circulation of vibrionic particles. 
In the case of Chara, Anacharis, Tradescantia,* Closteriumt 
(not an animal, but, like all Desmidiacea, a bryaceous spawn), it 
is as clearly observable as in the hitherto apocryphal 44 amoeba ” 
dissolution of the Vorticello - Planarian vitdli , hereafter to be 
detailed. 

In Closterium, the red rosetted a eye,” or celknueleus, at either 
extremity, represents a globular cavum (filled with liquid), in 
which about a dozen of individual vibrios are seen swaying to and 
fro, and coursing within the cell, entering and leaving as in a bee- 
hive. Their bodies are clear, and the ruby color is owing exclu- 
sively to the flashing of an otherwise indistinct appendage. 

Likewise, the large, green, peristaltic- writhing and flagellate pro- 
toplasm-sarcode, called Euglena,t which covers still pools with the 
bright-green scums, is the analogue of a 44 spermatic ” element, 
notwithstanding its huge size. It occasionally dissolves into 
vibrionic elements (each again a minimal 44 flagellate infusorium ”), 
ready to develop into an oscillaria fibril (a bryaceous spawn) ; or, 
in case of the 44 encystment ” of the 44 Euglena ” sarcode-body, this 
false flagellate infusorium (ut habent) casts a tap-root, and grows 

* Comp. Carpenter, The Microscope, etc., §§ 216 and 246-248. 

t Ibid., §§ 178, 179 ; St. Louis Medical Reporter, Jan. 1, 1867, p. 618. 

t Ehrenberg, in Trans. Berlin Acad. Sci., 1831, Tab. I. ; ibid., 1833, Tab. VI. 
figs. 7 and 8. The flagelli are not figured, notwithstanding their length more 
than equals that of the body. A five hundred magnifying power is hardly suf- 
ficient to detect them. St. Louis Medical Reporter, Jan. 1, 1867, pp. 620, 621. 
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into a moss. The 44 filiferous capsules ” * of low animal organisms 
likewise exhibit, in their retractile 44 nettling ” hair, the highly com- 
pound structure ot such flagellatory organs on the animal, as we 
find it also observably demonstrated in the case of the bryaceous 
44 euglena ” sarcode. The latter, when enclosed in the dark, and 
without soil, is seen developing its chlorophylline component par- 
ticles into a mass of only loosely connected, and afterwards liber- 
ated individual vibrios, resembling those of the “red eye” of 
Closterium, and also those of fermentation, so as to be no longer 
distinguishable inter se. 

44 Closterium ” is in part produced directly by the encystment of 
44 Euglena,” together with the spirally denticulated “ E \ Pyrum? 
Ehrb., and wafer-shaped, caudate 44 E. longicauda Ehrb^t thus 
transformed ; e. g ., on a China saucer or a glass slide. When dis- 
solving into clear vibrios, however, the porrected and thickened 
flagellum is shed, and, on the glass slide, segmented into silicious 
(or so-called Navicula) joints, which individually develop onward. 
Hence it is probable that the organization of the flagellatory or- 
gans is a very compound one, although in most cases almost 
entirely escaping the highest microscopic powers, and, in the case 
of the Closterium M eye,” rendered recognizable only by its red 
color. It is thither that the further researches of microscopic 
physiology have to be, above all, directed ; and increased powers of 
discrimination here become highly desirable. 

One of the manifold originations of the euglena-sarcode itself, 
which I have fully observed, and in part communicated t before 
now, serves to throw some light on the action of spermatoid 
vibrios, of the smallest calibre line, at best), as the agent of 

the pre-cellular developmental genesis of tissue-elements. 

“Where oscillaria-coats, constituting the blackish verdigris 
lubricity on fetid pools (as well as on wet shady grounds), § leave 
openings on the surface, a thin film of the 4 peristaltic ’ euglena- 
sarcode is found. These bodies are partly 4 red-eyed ’ or 4 fully 
developed Euglena ; ’ partly green all over their surface, and of 
smaller size (Cryptomonas). Among them are found a great num- 
ber of smaller, dark-green, globular yolks, endowed with a huge 
hyaline ‘albumen’ coat, evidently the increased segments of 
‘gloeocapsa’ of oscillaria. 

* Carpenter, Microscope, § 888. 

t These are figured as supposed “ animals” in Trans. Berlin Acad. Sd. } 
1881. Tab. I. 

X St. Louis Medical Reporter (above), p. 525. § Ibid., pp. 515, 516. 
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tt These at first remain perfectly still, until one of the vividly 
swarming, minimal hyaline vibrios is seen seizing hold upon, and 
vehemently hustling round, such (otherwise inert) yolks ; appar- 
ently 4 attacking ’ the circumference of the albumen as by a 
flagellum, and gradually disappearing inside. . . . 

44 As the vibrio, penetrating, is lost to view in the profile, the 
4 gloeocapsal 5 yolk again becomes quiet, until, after a few moments, 
all at once the granular chlorophyl-particles, constituting the yolk, 
manifest a great commotion, and, as if liberated, are seen as so 
many individual green vibrios. Segregatively thrusting themselves 
into the surrounding albumen zone, they now inhere under its sur- 
face ; whereupon the green body now becomes a 4 Cryptomonas ’ or 
juvenile 4 Euglena ; 9 commences, slowly at first, to contract and 
writhe as a true (low-sized) peristaltic-sarcode cell of that scum.”* 

As above remarked, the Euglena can encyst into Closterium, 
which again breeds into various desultory forms ; or the Euglena 
takes root, sprouting a 44 rhizoclonium 99 moss-velvet, which bears 
the juvenile moss-bud.t 

In view of these well-observed facts, 44 there can be now no longer 
any doubt that, as t£ie vibratile epithelia of the intestine flicker, so 
certain intertextile cell-molecules, and not only the true so-called 
spermatozoa, are endowed with a vivifying, promulgatory, motile 
agency of cell-life ; the regenerative, if not alike the reproductive 
element, or true 4 vital 5 phenomenon.” 

There is also ample evidence to assume that all the circulatory 
vibrios, those enclosed within the fibre (fig. 5) as well as the free 
fermentic ones (fig. 8), with the yeast-fungus, as with all other 
observed organisms (including those of the “germinal matter” 
and of the immature and transuding blood-corpuscles), are all 
alike endowed with a flagellatory organ, resembling in structure 
* that of spermatic cell-nuclei (or spermatozoa), “exciting” them- 
selves, as it were, on the 44 waters of life.” 

The same applies to the erroneously so-called 44 androspores,” 
and to the minimal vibrios of other intertextile processes, as rep- 
resented in a subsequent paper on the titular genera of so-called 
fresh-water algae, as bryaceous spawn developments. 

The same also applies to the vital vibration of some invisible 
flagellatory organs, active upon the surface of the assimilative and 

* The perfected “ dosterial ” as well as “ Euglena ” phases extrude faeces- 
like, vibrionic spawns. 

t St. Louis Medical Reporter, pp. 516, 521, and 522. 

A. A. A. S. VOL. XIX. 42 
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bronchial membranes ; e. g n of live tad-poles ; and of the mol- 
lusks,* where they are said to be distinctly recognizable. 

The fact that they are often indistinguishable in the dead is 
partly owing to the cessation of action, and to their natural 
minuteness ; but it allows also of the supposition of retractibility, 
as in “filiferous capsules;” or, of being dropped, like that of 
“ Euglena ” (above) ; and such might also be one of their normal 
functions, by the way. 

The ashes of the w Closterium ” vibrios leave a silicious (insol- 
uble) residue ; hence the vibrio assimilated silioious combinations, 
which, as apparently pure silica-coats, are left as educts ; e. g n of 
the w navicul® ” spawns, etc. 

The independent vitality of certain detached flagelli, as well as 
the phenomena of “ spicular” prolapse (mentioned in the chapters 
on yeast and the peach-rot), make it plausible that in certain 
cases the fragments of the flagellatory organ of vibrios, themselves 
but just visible under the highest powers, may be endowed with 
the “ promulgatory ” action of cell-life, whether diseased or 
healthy. Sufficient analogies of the endurance of molecular-life 
are given, and partly laid down, in a succeeding paper on the w Cir- 
cuits of Generation of Molecular Animals.” In this shape, where 
a considerable degree of exsiccation is endured, germs not only 
of “parasites,” but perhaps also of individual, morbid activity* 
might easily be conveyed by the arising vapors ; but, above all, by 
the active pulmonary exhalation of diseased individuals ; as is prob- 
ably the case with the rinderpest, and most exanthematio dis- 
eases ; and in fetid bilious derangements, perceptibly so. 

The discussion of morbid phenomena, from a technical point of 
view, being excluded from the pale of the American Association 
for the Advancement of Science, I would here simply mention 
that in regard to the fungine elements apparent ; t. g~> in diph- • 
theria, it must never be forgotten that the formed mycelia may be 
long preceded in time by whatever morbid molecular germs may 
be circulating in the lymphatic system, etc. The appearance of 
the commonest corruptive agent, in plaoes so favorable, as is a 
purulent exudation, steeped in saliva which cannot be swallowed, 
and remains permanently exposed to air, is but a natural conse- 
quence, and by no means argues a “probably local origin” of 
this disorder ; which, together with the “ black-tongue,” f suffi- 

* Carpenter, Microscope, § 886. 

t The black-tongue, or “ oM plague,” results when a tumor is formed in the 
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ciently resembles the “ oriental plague,” such as it has occurred in 
Russia. The glandular swelling, however (instead of being located 
chiefly in the groins), in diphtheria is located round the throat, as 
in the glanders of horses. It is also generally characterized by a 
prickly, often purulent-tipped, scarlet rash (the dreaded “ Schar- 
lach-F riesel ” and “ angina gangrcenosa ” of yore), and often ex- 
hibits vibices of a hand’s size, all over the body. 

The locality of the tumor, evidently, is its most formidable com- 
plication; since it emphatically “incarcerates” both the grand 
sympathetic and pneumogastric nerves; while it also effectually 
strangulates both the vena jugtdaris and the throat. 

This terrible swelling, however, like other pysemic and specific 
(cadaverous and syphilitic) tumors, is most readily and effectually 
dispelled by the external application of blue mercurial ointment, 
when aided by a strong emetic dose of ipecac, and by calomel and 
quinine; in consideration of the state of the spleen and liver, 
respectively, — this treatment giving a mortality of about three per 
cent only. As for the fungous vegetation in the fauces, it is then 
easily kept down with a syrup of citrate of iron, (ant-) “ ozon- 
ized” with oil of cloves. The caustic, however, in the majority of 
cases, also serves to increase the strangulation of all the vital con- 
ductors, as above specified ; hence the comparative mortality, even 
when the fungous vegetation in loco had been entirely suppressed 
by its use. I would therefore warn the zealous theorizing practi- 
tioner, who, without a knowledge of fungi, attempts to destroy 
what he considers a fungous parasite (and for aught such it maybe), 
to beware lest, in such premature and suicidal attempts, the spe- 
cific agents of our own vitality * be not impaired, first of alL Let 
it therefore always be remembered, not to hurt our own constitu- 
tive “fermentic,” “zymotic,” or creatorial germ-molecules ; t for 
of such little ones is the kingdom of life itself. 

mesial line, strangulating (garotting) the circulation of the tongue. The latter 
rapidly swells to the size of a small apple, gagging the entire oral cavity. It is 
black as ink, and “ marbled ” as a map. A liquid emetic, artificially adminis- 
tered, produces an instant relief, if yet effectual on the comatose patient, whose 
pulse is low. It is but one of the forms of diphtheria. 

* This refers most particularly to “disinfectants” that are destructive to 
primitive life generally, such as the asphyxiating carbolic acid, effectual in the 
cesspool, but injurious to breathe. 

t The Latin words germen and fermentum are etymological twins, — the Greek 
and Spanish also frequently substituting an “ h,” etc., for the Latin “ f,” as in 
the case of dpjidc, hermetic and Jirmus ; ferrum and hierro, etc. In a German 
dialect the word “ germ ” is idiomatically used for yeast. 
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IY. ETHNOLOGY. 

1. On Some Peculiarities of the Eskimo Dialect. By Wil- 
liam H. Dall, of Washington, D. C. 

Haying devoted some attention for a number of years to mat- 
ters connected with North American Ethnology and Philology, I 
improved the opportunity afforded during the winter of 1869-70, 
by the presence in Washington of two native Eskimo, and ob- 
tained a very large number of grammatical forms of the Repulse- 
Bay dialect. 

These Eskimo, man and wife, are well known throughout the 
country as the people who accompanied Captain Hall, during his 
lectures in this country, and his explorations in the north. Both 
of them spoke enough English to comprehend readily what I 
required; and a slight knowledge of the dialect of the Western 
Eskimo — acquired during several years’ residence and travel near 
Norton Sound, Bering Sea — assisted me in communicating with 
them. 

My conversations with them extended over several months, at 
short intervals ; and the same forms were repeatedly gone over, 
both by asking for the Eskimo rendering of English forms, care- 
fully explained, and by asking for an English equivalent for the Es- 
kimo phrases w’hich I had taken down during a previous sitting. 
In this way I endeavored to eliminate errors as far as possible, and 
while I cannot hope to have succeeded in doing so entirely, yet it 
is probable that, of the several thousand phrases and grammatical 
forms recorded, the majority are mainly correct. 

While the reduction to a grammatical system of the entire mass 
of observations, will be a work of much more labor and time than 
I have yet had opportunity of bestowing upon it ; still, some pecu- 
liarities of the language are so evident to the most superficial 
student that they seem worthy of immediate publication. I have 
been the more impressed with them from the fact that they agree 
essentially with the descriptions of Crantz and Egede, and with 
my own observations upon the north-west coast of America, while 
they do not seem to entirely accord with the views expressed in a 
later work by Kleinschmidt upon the grammar of the Greenland 


Digitized by ^ooQle 



ETHNOLOGY. 


333 


dialects.* The latter adds to its very complex, and by no means 
clear or satisfactory grammatical system, the further complication 
of being written in a very peculiar and awkward German dialect ; 
so that it is often exceedingly difficult to comprehend his meaning, 
which is but slenderly elucidated by examples, which are seldom 
rendered into German even when given. Hence the differences 
which I have noticed may be due to a want of comprehension of 
his meaning, rather than to any great differences in the several 
dialects. That there are differences of some weight between the 
grammatical forms of closely adjacent Eskimo tribes is, however, 
evident from the remarks of the male Eskimo, previously referred 
to, when speaking of the dialect of King William’s Land, and 
comparing it with that of his own people at Repulse Bay. 

The discussion of these differences, and the endeavor to eluci- 
date the various special modifications of the substantives and 
other parts of speech, will form the subject of a future paper. At 
present I wish to call attention to the wonderful variety of the 
forms of the verbs, especially the transitive verbs, which exceed 
those of any other known language. 

The transitive verbs in the dialect in question appear to have 
an indicative, subjunctive, potential, and imperative mood. 
Each of these has an interrogative, affirmative, and negative form. 
The imperative has two subordinate forms which may be termed 
absolute and optative. The former orders or demands ; the latter 
begs or entreats. There seems to be no true infinitive. 

The indicative has five tenses : the present, past imperfect, past 
perfect, future, and future perfect, of which the equivalents are, — 
doing , just done , long since done , wiU do directly , will do by and 
by ; and in some cases there appears to be still another form of 
the past, including the idea of completion, and rendered by just 
finished doing . 

It is well known that the Eskimo carry the dual form of the 
substantive through the complete declension. The verbs, with 
their suffixes, have changes of the termination or in the body of 
the suffix, not only to express and to agree with the person, case, 
and number of the subject, but also, in transitive verbs, a similar 
series of changes takes place in that part of the permanent suffix 
which indicates the object when a personal pronoun. 

The result of this wonderful complexity of suffixes is to multi- 

* Grammatik der gronlandischen Sprache, mit theilweisem Einschluss des Lab- 
radordialects. Yon S. Kleinschmidt. Berlin, 1851. 8vo., pp. 182. 
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ply the forms of the verb to an extraordinary extent ; and yet it 
would seem as if all the Eskimo spoke grammatically, though the 
effort of the mind necessary to retain these various forms would 
be stupendous to a European. I call to mind an instance in which 
a young Innuit spoke ungrammatically to one of his comrades, while 
travelling with me, in a matter which offered no room for a double 
entendre, yet he was the subject of badinage among them for a 
week afterwards ; they also never wearied of ridiculing the bad 
grammar of the Indians and Russians who attempted to speak the 
Innuit tongue outside of the usual trading jargon. 

The total number of inflections in the affirmative indicative . 
mood amounts to three hundred and ninety. In the indicative, 
subjunctive, and potential, through the affirmative, negative, and 
interrogative forms, with the addition of the imperative, there is 
a total of over three thousand one hundred inflections, all differ- 
ent and invariable. 

As an example of them, the following specimen of the con- 
jugation of the affirmative form of the indicative mood of the 
transitive verb emiityUk , is given. It will be noticed that the in- 
flections are classified with reference to the relations of the sub- 
ject and object, which has appeared the most satisfactory method 
of presenting the structure of the verb. Any table which showed 
the exact relation of each inflection to the others allied to it, 
would necessarily be very complicated, and much less clear than 
the linear system here adopted, though it must be confessed that 
the latter is not without its disadvantages. As before stated, per- 
fect accuracy is not claimed for it, indeed, under the circumstances, 
it would be hardly reasonable to expect it ; yet it may be hoped 
that the errors are not very numerous. It has been subjected to 
four several revisions since it was first written out, and it may be 
said in its favor that the Eskimo found but few errors needing cor- 
rection. 

The sounds are as follows : — 

VOWELS. 

a, as in father. e, as in her. ee t as in sheen. 

i, as in pit. o, ow, as in cow. u, as in Luke. 

ii, as in hut. y, as in cry. ny, as in cafion. 

C0N80NANTS (U8UALLY AS IN ENGLISH). 

ch, as in church. ng\ rolling nasal, 

n, terminating a word after a vowel u, soft nasal, 
y, between two vowels, as a consonant ; as in young. 
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The accent indicates the stress only. It will be observed that 
in a large number of cases this falls on the fourth syllable. 

PARTICIPLES. 

Washing ; Ermik 7 tu, — tuk, - 

- tan. Washed ; ErmigOruk 7 -ta, — tung, tun. 

INDICATIVE MOOD. 

PRESENT TENSE. 

Object in 

the first person singular . 


SINGULAR. 

I wash myself. 

ErmiklQ ' nga. 

Thou washest me. 

Ermi'ng’ab. 

He, she, or it washes me. 

Ermikpaa ' nga. 


DUAL. 

You two wash me. 

ErmiglOshinga'. 

They two wash me. 

Er 7 ming-mQ 7 nga-ik 7 wting. 


PLURAL. 

Ye wash me. 

Ermingnyti 7 k pftssing 7 y. 

They wash me 

Ermithlu 7 lung-mu 7 nga. 

Object in the second person singular . 


SINGULAR. 

I wash thee. 

Ermigit/. 

Thou washest thyself. 

Ermikpee 7 n. 

He washes thee. 

Ermikleetiny 7 . 


DUAL. 

We two wash thee. 

ErmingnyOk-po ' wQh 

They two wash thee. 

Ermikpii ' ting-ik ' wOng. 


PLURAL. 

We wash thee. 

Erming ’ nydk ' pOgunani'. 

They wash thee. 

Ermik pii 7 tih. 

Object in 

the third person singular . 


SINGULAR. 

I wash him, her, or it. 

ErmiglQ 7 ga. 

Thou washest him, her, or it. 

Ermikpee 7 -0. 

He washes him. 

Ermikttingina 7 h. 

He washes himself. 

. Ermiktuin 7 ah. 


DUAL. 

We two wash him, her, or it. 

Erming 7 nytikptigawy. 

You two wash him, her, or it. 

ErmigyOkpO 7 shing. 
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They two wash him, her, or it. 


ErmiktGnga 7 n g ’ ing ’ na. 

We two wash each other. 


Ermignyag 7 aytik. 

You two wash each other. 


ErmighQtow 7 chGng. 

They two wash each other. 

PLURAL. 

ErmGkatow 7 chung. 

We wash him, her, or it. 


ErmikahtiQn 7 a. 

Ye wash him, her, or it. 


Ermikpissing-u 7 na. 

They wash him, her, or it. 

We wash each other. 


ErmiktOngani 7 na. 

Ye wash each other. 


ErmGkatow 7 chd. 

They wash each other. 


Ermukatow 7 chan. 

Object in the first person dual. 


SINGULAR. 


Thou washest us two. 


Ermiktee 7 -Ong. 

He, she, or it washes us two. 

DUAL. 

Ermiglitiyiingi'. 

We two wash ourselves. 


Erming ’ nyapftg 7 lee-y . 

You two wash us. 


ErmiglitiyO 7 . 

They two wash us two. 

PLURAL. 

Ermtikatow 7 tiukwa. 

Ye wash us two. 


Ermikpa 7 tiyQ. 

They wash us two. 


Ermikpa 7 tiyQng. 

Object in 

the second person dual. 


SINGULAR. 


I wash you two. 


Ermigi 7 ting. 

He washes you two. 

DUAL. 

Enn ikleeshingy 7 . 

We both wash you two. 


ErmGkatow 7 tita. 

You both wash yourselves. 


Erniiglu 7 tiglQ. 

They both wash you two. 

PLURAL. 

Erming 'yGkpugalee-y 7 . 

We wash you two. 


Erming 7 nyGkpG 7 gu-tik ' wiin. 

They wash you two. 


ErmikpQ 7 ssing-ak 7 wGng. 

Object in the third person dual. 


SINGULAR. 


I wash those two. 


Ermiktu 7 ka. 

Thou washest those two. 


Ermikshee 7 ka. 

He washes those two. 

DUAL. 

Ermiktunginik 7 wOng. 

We two wash those two. 


Ermingnyak pu 7 gli-ikwa. 

You two wash those two. 


ErmingnyOk pG 7 ting. 

They two wash those two. 


AtQnir.-Qkwa-ermQkatow 7 cbti. 
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PLURAL. 

We wash those two. Ermtikatow ' yumikwung. 

Ye wash those two. Ermikpissee ' ng-Okwting. 

They wash those two. Ermik ' tQng-ikwQng. 

Object in the first person plural . 


Thou washest us. 
He washes us. 

You two wash us. 
They two wash us. 

We wash ourselves. 
Ye wash us. 

They wash us. 


SINGULAR. 

Ermiktee ' -Q. 

Ermik pu ' tiyO. 

DUAL. 

ErmiglutiyOn'. 

Ermithltih-mQtiya-ikwa. 

PLURAL. 

Ermigti 9 tta. 
Ermtikatowtity 7 . 
Erminytikpa 9 tiyO. 


Object in the second person plural. 


I wash you. 

He washes you. 

We two wash you. 
They two wash you. 

We wash you. 

Ye wash yourselves. 
They wash you. 


SINGULAR. 

Ermigich 'i. 

ErmikpishiyO. 

DUAL. 

Ermikthlflng' nyapow ' Q-ukwa. 
Ermikpti ' shee-Okwa. 

PLURAL. 

Ermtikatow 9 ti-thltiltikty 7 . 
Ermithltikpis ' see. 

Ermik 9 tum-ikwa. 


Object in the third person plural . 


I wash them. 

Thou washest them. 

He washes them. 

We two wash them. 

You two wash them. 

They two wash them. 

They two wash themselves. 

We wash them. 

Ye wash them. 

They wash them. 

They wash themselves. 

A. A. A. S. YOL. XIX. 


SINGULAR. 

Ermigi-tik 1 tan. 
Ermik-shee 9 -a. 

Ermik ' -tangin-ik ' wa. 

DUAL. 

Erming ’ nya-wQ ' wOt. 
Ermingnyukpti 9 shingy. 
Ermiktahping-ik 9 wa. 
ErmtikatowchQ. 

PLURAL. 

Ermingyak ' ptin-ikwa. 
Ermik pis 9 seeng-ikwa. 
Ermik 9 tting-ikwa. 
Ermiktu' apin-ikwa. 

43 
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PAST IMPERFECT TENSE. 


Object in the first person singular . 
SINGULAR. 


I washed myself (lately). 
Thou washedst me. 
lie, she, or it washed me. 

You two washed me. 
Those two washed me. 

Ye washed me. 

They washed me. 


Ermiglu ' nga. 
Ermikawi ' nga. 
Ermikawti ' nga. 

DUAL. 

ErmilowOtchi ' nga. 
ErmukowmQ ' nga. 

PLURAL. 

Ermftkowtit ' chinga. 
ErmQkowQ ' nga. 


Object in the second person singular . 


I washed thee. 

Thou washedst thyself. 
He washed thee. 

We two washed thee. 
Those two washed thee. 

We washed thee. 

They washed thee. 


SINGULAR. 

Ermiglflgit'. 
Ermukowee'. 
Ermukowu ' ti. 

DUAL. 

Ermtiko-yti ' kpting. 
Ermukowut ' i. 

PLURAL. 

Ermukowd ' tiytin. 
Ikwa-ermikput ' i. 


Object in the third person singular. 


I washed him, her, or it. 

Thou washedst him, her, or it. 
He washed him (another) . 

He washed himself. 


SINGULAR. 

Ermtikowti ' ga. 
Ermikowyanu ' na. 
Ermukow ' yfl-u ' na. 
Ermukowow ' na. 


DUAL. 


We two washed him, her, or it. 
We two washed each other. 

You two washed him, her, or it. 
You two washed each other. 
They two washed him, her, or it. 
They two washed each other. 

We washed him, her, or it. 

Ye washed him, her, or it. 

They washed him, her, or it. 


Prraukowyvik ' pun. 
Ermdkatow ' tukowinu. 
Ermdkowigiku. 
Ermukatowtukowis ' sing. 
Ermukowu ' na. 
Ermikowtit 'Jng. 

PLURAL. 

Ermikowiit ' idna. 
Ermukowut ' chiftn 
Ermukow ' yting 1 un. 
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Object in the first person dual . 

SINGULAR. 


Thou washedst us two. 
lie, she, or it washed us two. 

We both washed ourselves. 
You two washed us two. 

They two washed us two. 


Ermikowig' eeyti. 
Ermukowit ' y-u. 

DUAL. 

Ermukowun ' a. 
ErmOkowiwig ' iyu. 
Ermukowa ' tyun-uk ' wiing. 

PLURAL. 

Ermilowkpiit ' iyQ-ik ' wiing. 
Ermukowit ' iyu-uk ' wOng. 


You washed us two. 

They washed us two. 

Object in the second person dual. 


I washed you two. 
He washed you two. 


SINGULAR. 

Ermiglu' gilu. 

Ermikowig ' in-dk ' wdng. 


We two washed you two. 
You two washed yourselves. 
They two washed you two. 


Ermiyukluk ' pGn-ukwQng. 
Ermilowiviting. 
Ermukowusseeng ' -ukwdng. 

PLURAL. 

Ermdkowut / iyun-uk'wdng. 
Ermukowii8 ' see-uk ' wiing. 


We washed you two. 

They washed you two. 

Object in the third person dual . 


SINGULAR. 

Ermukowya ' ka. 

Ermukaluk '-pigee. 

Ermikpug ' ing-ik ' wiing. 

DUAL. 

Ermukowyuk ' pOn-uk ' wdng. 
Ermukowis ' sing-uk ' wdng. 
Ermukatow ' tukow ' yung-uk ' wung. 

PLURAL. 

Ermtikviik ' tabun-Ok ' wiing. 
Ennikkowis ' si-Ong-vik ' wung. 
Ermukow ' ydng-ik ' wiing. 

the first person plural . 


I washed those two. 

You washed those two. 

He washed those two. 

We two washed those two. 
You two washed those two. 
They two washed those two. 

We washed those two. 

Ye washed those two. 

They washed those two. 

Object in 

Thou washedst us. 

He washed us. 

You two washed us. 

They two washed us. 


SINGULAR. 

Ermika' lQkpit' eeydng. 
ErmukowQt' iyOn. 

DUAL. 

Ermilowkpit ' eeyun ’. 
Ermdkowat f iyun-tik ' wa. 
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PLURAL. 

We washed ourselves. 

Ermukowut'a. 

You washed us. 

Ermilowk pdt 9 iyd-ik'wdng. 

They washed us. 

Ermukowdt 9 iyd-uk ' wung. 

Object in 

the second person plural . 


SINGULAR. 

I washed you. 

Ermiglich ' i. 

lie washed you. 

Ermikowig ' in-uk 9 wa. 


DUAL. 

We two washed you. 

Ermiyuktdk 9 pun-uk 9 wa. 

They two washed you. 

Ermdkowis ' see-ing-uk ' wa. 


PLURAL. 

We washed you. 

Ermdkowdt ' iydn-uk 9 wa. 

Ye washed yourselves. 

Ermtikowi' gi. 

They washed you. 

Ermdkowds ' see-uk ' wa. 

Object in 

the third person plural. 


SINGULAR. 

I washed them. 

Ermilowk 9 taka. 

Thou washedst them. 

Ermilowk pig ' ee. 

He washed them. 

Ermdkowdk. 


DUAL. 

We two washed them. 

Ermdkowydk 9 pun-uk 1 wdng. 

You two washed them. 

Ermdkowis 9 sing-dkwdng. 

They two washed them. 

Ermukatow ' tdkow ' ydng-uk ' wa. 

They two washed themselves. 

Ermdkow 9 ydng-dk 9 wdug. 


PLURAL. 

We washed them. 

, Ermukowyuk 9 tabun-uk ' wring. 

Ye washed them. 

Ermdkowis ' seeydng-uk ' wOng. 

They washed them. 

Ermukowdt' iydng-uk 9 wung. 

They washed themselves. 

Erm-ik 9 pun-ik 9 wa. 

PAST 

PERFECT TENSE. 

Object in the first person singular . 


SINGULAR. 

I washed myself (long ago) . 

Ermikalapung 9 a. 

Thou washedst me. 

Ermigwdh 9 winga. 

lie, she, or it washed me. 

Ermilow 9 ydwd 9 nga. 


DUAL. 

You two washed me. 

Ermilow 9 ydwdtching 9 a. 

They two washed me. 

Ermiyumdng 9 a-ik 9 wung. 
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PLURAL. 

Ye washed me. Ermiyuwtit 7 chinga. 

They washed me. Ermiyumung 7 a-ik 7 wa. 

Object in the second person singular. 


SINGULAR. 


I washed thee. 

Thou washedst thyself, 
lie washed thee. 

We two washed thee. 

Those two washed thee. 

We washed thee. 

They washed thee. 

Object in the 


Ermikalapa 7 ga. 
Ermilowkpee . 7 
Ermiyuwiit 7 ee. 

DUAL. 

Ermiytiytik 7 pung-Qk 7 wting. 
ErmiyOwOt' i-uk' wting. 

PLURAL. 

Ermiyfiwtit 7 iyun \ 
ErmilowkpQt 7 ee. 

third person singular . 


I washed him, her, or it. 

Thou washedst him, her, or it. 
He washed him (another). 

He washed himself. 

We two washed him, her, or it. 
We two washed each other. 

They two washed him, her, or it. 
You two washed him, her, or it. 
You two washed each other. 
They two washed each other. 

We washed him, her, or it. 

We washed each other. 

Ye washed him, her, or it. 

Ye washed each other. 

They washed him, her, or it. 
They washed each other. 


SINGULAR. 

ErmiyGytik 7 a. 

Ermiyuya 7 ga. 
Ermiyuytinga. 
ErmiyuyQhwil'. 

DUAL. 

Ermilowk 7 ttikpGng. 
Ermiyu '-tinO. 
Ermilowktung 7 a-Gna. 
Ermilowyuwizh 7 ikG. 
ErmQkatow 7 tiyuwis 7 sing. 
Ermiyuwut 7 ing. 

PLURAL. 

Ermilowk 7 towGng. 
Ermukatow 7 tiyu-un 7 a. 
Ermilowutchiun. 

ErmiyuyGng 7 On. 


Object in the first person dual. 

SINGULAR. 


Thou washedst us two. 

He, she, or it washed us two. 

We two washed ourselves. 
You two washed us two. 

They two washed us two. 


Ermiyu-it 7 ee-u. 

Ermilow 7 yu-it 7 eeyti. 

DUAL. 

Ermiyuwun 7 a. 

Ermilow 7 yuwi-wit 7 iyQ. 
Ermilowyuat 7 iyu-ukwGng. 
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PLURAL. 

Ye washed us two. Ermilow ' yGwiit 7 iyG. 

They washed us two. Ermilow 7 yOwdt' iyti-Ok 7 wung. 

Object in the second person dual . 


I washed you two. 

He washed you two. 

We two washed you two. 
You two washed yourselves. 
They two washed you two. 

We washed you two. 

They washed you two. 


SINGULAR. 

Ermikalata 7 ka. 

Errniyu 7 wigin-uk 7 wung. 

DUAL. 

Ermilowkttik 7 pun-uk 7 wiing. 
Ermilow 7 yuwis ' sing. 

Ermilow 7 yO-Os 7 see. 

PLURAL. 

ErmiyOwdt 7 iyCin-ak 7 wiing. 
Ermilow ' yO-ds 7 see-uk 7 wiing. 


Object in the third person dual . 


I washed those two. 

Thou washedst those two. 

He washed those two. 

We two washed those two. 
You two washed those two. 
They two washed those two. 
They two washed themselves. 


SINGULAR. 

Ermigiya 7 ka. 

Ermita) upee 7 yee. 

Eruiiyuwtig 7 in-ik 7 wiing. 

DUAL. 

Ermilowk 7 ttikpfln-uk' wiing. 
Ermilowyuwig 7 in-Gk 7 wiing. 
Ermukatow 7 tiyu ' ndk-uk' wung. 
Errniyu ' ydng-uk 7 wiing. 


We washed those two. 
Ye washed those two. 
They washed those two. 


PLURAL. 

Ermilowk 7 tabGn-uk 7 wiing. 
Ermilowis 7 siyung-uk 7 wung. 
Ermilowk 7 tdng-ik 7 wiing. 


Object in the first person plural . 


Thou washedst us. 

He washed us. 

You two washed us. 
They two washed us. 

We washed ourselves. 
Ye washed us. 

They washed us. 


SINGULAR. 

ErmitayGmit 7 iyun ’. 
Ermiyuwut 7 iyQn \ 

DUAL. 

ErmiyG 7 wGt pit 7 iyun \ 
Ermilow 7 y uatitin-ik 7 wiing. 

PLURAL. 

Ermilowdt 7 a. 

Ermiyuwis 7 see. 

Ermiyuyuk 7 a. 
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Object in the second person plural. 


I washed you. 
He washed you. 


We two washed you. 
They two washed you. 


We washed you. * 
Ye washed yourselves. 
They washed you. 


SINGULAR. 

Ermikullatuk ' a. 

Ermiyu ' wigin-uk ' wa. 

DUAL. 

Ermiyu' ytihwut. 

Ermiy uy ilh wook . 

PLURAL. 

Ermilowyuwut ' iyun-uk ' wa. 
Ermiyu-iss ' ing. 

Ermiy uwut-i ' ik ' wa. 


Object in the third person plural . 


I washed them. 

Thou washedst them. 

He washed them. 

We two washed them. 

You two washed them. 

They two washed them. 
They two washed themselves. 

We washed them. 

Ye washed them. 

They washed them. 

They washed themselves. 


SINGULAR. 

Ermigiyuk ' a. 

Ermiyuwig' ee. 

Ermiy uwug' in-ik' wa. 

DUAL. 

Ermilowy uytikpQn . 
Ermilowyuwissigin-ukwa. 
Ermiikatowtiyun-ukwa. 
Ermilowyu-us ' see-ik' wa. 

PLURAL. 

Ermilowk ' tabunuk ' wa. 
Ermilowis ' seeyung-uk' wa. 
Ermilowk ' tung-ik ' wa. 
Ermiyu '-un-ik ' wa. 


FUTURE TENSE. 

Object in the first person singular. 


I will wash myself (directly) . 
Thou wilt wash me. 

He will wash me. 

You both will wash me. 

They both will wash me. 

Ye will wash me. 

They will wash me. 


singular. 

Ermukow ' imulli. 

Erming 1 nya ' lOk-pdng ' ulli. 
Erming 1 nya' lOkpa ' ga. 

DUAL. 

Ermingnyas ' ndk-pOtsinga'. 
Ermig ' iy Q-nya ' lu-rOttioga'. 

plural. 

Ermignya' ldk-piitchingi'. 
Ermingnya ' luk-pilng ' a. 
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Object in the second person singular . 


’ SINGULAR. 


I will wash thee. 

Thou wilt wash thyself. 
He will wash thee. 

We two will wash thee. 
They two will wash thee. 

We will wash thee. 

They will wash thee. 


ErmOkowi 7 wee. 

Ermingnya 7 ltik-puti. 
Ermingnya 7 lQk-pCLtil 7 li. 

DUAL. 

ErmiognyalQriwtit 7 ing. 
Ermigiyu 7 nyalil-rtitchinga 7 . 
PLURAL. 

Ermingnya 7 luk-pdtigil 7 li. 
Ermingnya 7 lOk-pdg 7 in. 


Object tn the third person singular. 


I will wash him, her, or it. 

Thou wilt wash him, her, or it. 

He will wash him, her, or it. 
lie will wash himself. 

We two will wash him, her, or it. 
We two will wash each other. 

You two will wash him, her, or it. 
You two will wash each other. 

They two will wash him, her, or it. 
They two will wash each other. 


SINGULAR. 

Ermingnya 7 -ttiee 7 ndk-pung 7 a. 
Ermila ' l&k-pul 7 li. 

Ermingnya 7 ldk-pagill 7 li. 
Ermingnya' luk-pGn 7 . 

DUAL. 

Ermingnya 7 liik-towiing 7 na. 
Ermilkatow 7 ti-nya 7 lftk-pfln 7 i. 
Ermingnya 7 snilkpilssig 7 1L 
Ermilkatow 7 ti-nya 7 ltikpOs 7 si. 
Ermi 7 giyG-nya 7 lu-row 7 igin. 
Ermilkatow 7 ti-nyalilk 7 tilng. 


PLURAL. 


We will wash him, her, or it. 
Ye will wash him, her, or it. 
They will wash him, her, or it. 
We will wash each other. 

Ye will wash each other. 

They will wash each other. 


Ennignya 'ldkpOwul 7 li. 
Ermingnya 7 luktilk 7 i. 
Ermigiyiinya 7 lftktinu. 
ErmOkatow 7 tiknya 7 lukpOs 7 see. 
Ermilkatow 7 tunya 7 lilktun. 
Ermilkatow 7 tinya 7 luktun. 


Object in the first person dual. 


Thou wilt wash us two. 

He, she, or it will wash us two. 

We two will wash ourselves. 
You two will wash us two. 
They two will wash us two. 

Ye will wash us two. 

They will wash iis two. 


SINGULAR. 

Ermila 7 ldkpQg 7 li. 
Ermingnya 7 liikpug 7 li. 

DUAL. 

Ermingnya 7 lQpugtow. 
Ermingnya 7 riwu 7 vfll. 
ErmigiyO 7 nya 7 lumig 7 tinti. 
PLURAL. * 

Ermingnya 7 ldktilhwilm 7 my. 
Ermigiyu 7 nya 7 lukmung ' a. 
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Object in the second person dual . 


I will wash you two. 

He will wash you two. 

We two will wash you two. 
You two will wash yourselves. 
They two will wash you two. 

We will wash you two. 

They will wash you two. 


SINGULAR. 

Ermtikowmigiit ' ching. 
Ermingnya' ltik pus ' sing. 
DUAL. 

Ermingnya ' luriwissee ' ng\ 
Ermingny&k pOs ' sing. 
ErmigiyQ ' nyalurtitiktow'. 
PLURAL. 

Ermingnya' ltikptitigig' li. 
Ermingnya ' ltik pOs 'sigli. 


Object in the third person dual . 


I will wash those two. 

Thou wilt wash those two. 

Ye will wash those two. 

We two will wash those two. 
You two will wash those two. 
They two will wash those two. 

We will wash those two. 

Ye will wash those two. 

They will wash those two. 


SINGULAR. 

Ermigiytikowissee ' ng\ 

Ermingnya ' migutchee ' ng\ 
Ermingnya ' ldk pG ' wd. 

DUAL. 

Ermingnya ' lOktow ' Gng-uk ' wGng. 
Ermingnya' ltikptit ' ing-uk ' wQng. 
Ermigi-u ' midtiktow.' 

PLURAL. 

Ermignya ' lukowdl ' li. 

Ermingnya ' lQkttik ' dtow. 
ErmigiyOnya ' ldk-mdt ' ting. 


Thou wilt wash us. 

He will wash us. 

You two will wash us. 
They two will wash us. 

We will wash ourselves. 
Ye will wash us. 

They will wash us. 


Object in the first person plural. 

SINGULAR. 

Ermila ' Idk-pdttil ' li. 
Ermingnya ' ldk-pOssil ' li. 

DUAL. 

Ermingnya' ldk pdtsil ' li. 
Ermigiyunya ' lumiutiking'. 

PLURAL. 

Ermingnya ' ldkpuwOd ' li. 
Ermingnya ' lQkpOtsee'. 
ErmigyOnya ' ldk milt ' ta. 


Object in the second person plural. 

SINGULAR. 


I will wash you. 

He will wash you. 

We two will wash you. 
They two will wash you. 

A. A. A. S. V OL. XIX. 


Ermukowmigiit ' chee. 
Ermingnya ' ldkpdssillich ' i. 

DUAL. 

Ermingnya ' iQriwis ' see. 
Ermigiyu-nya' ldrut ' iku. 
44 
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We will wash you. 

Ye will wash yourselves. 
They will wash you. 


FLURAL. 

Ermignya 7 luriwO 7 wdt. 
Ermignya 7 lOkptitingi. 
Enningnyaluk-paa 7 nga. 


Object in the third person plural. 

SINGULAR. 


I will wash them. 

Thou wilt wash them. 

He will wash them. 

We two will wash them. 

You two will wash them. 

They two will wash them. 

They two will wash themselves. 

We will wash them. 

Ye will wash them. 

They will wash them. 

They will wash themselves. 


Ermingnya 7 lOkpung 7 a. 
Ermingnya 7 ltik pig 7 in. 
Ermingnya 7 liik ptikOl' li. 

DUAL. 

Ermingnya 7 lOktow 7 ung-uk 7 
Ermingnyalukptis 7 si. 
Ermignya 7 lartitiktow 7 . 
Ermigiyu 7 nyalurtim ' ming. 
PLURAL. 

Ermignya 7 lQkriwis ' see. 
Ermingnya ' luktuk ' a. 
Ermingiyunya ' lQkrOt ' ta. 
Ermingnyak ' tun. 


FUTURE PERFECT TENSE. 


Object in the first person singular. 

SINGULAR. 


I will wash myself (sometime). 
Thou wilt wash me. 

He will wash me. 

You two will wash me. 

They two will wash me. 

Ye will wash me. 

They will wash me. 


Ermiyuma' ha-mill ' li. 
Ermiyula 7 luk-pungtil ' li. 
Ermiyuma ' luk-pa ' ga. 

DUAL. 

Ermiyumak' sntik-putsing 'a. 
Ermigila ' lu-rut 7 tinga. 

PLURAL. 

ErmiyOma 7 lOk-pQtch 7 inga. 
Ermiyuma 7 ldk-pdng 7 a. 


Object in the second person singular . 

SINGULAR. 


I will wash thee. 

Thou wilt wash thyself. 
He will wash thee. 

We two will wash thee. 
They two will wash thee. 

We will wash you. 

They will wash you. 


Ermila 7 -i-wee. 

Ermila 7 lOk-pdt 7 i. 
Ermiyuma 7 ldk-pOtil 7 li. 

DUAL. 

ErmiyOma 7 lOriwOs 7 sing. 
Ermigila 7 lO-rOt 7 ching. 

PLURAL. 

Ermiyuma 7 lOk-pdtigil 7 li. 
Ermiyuma 7 luk-pug 7 in. 
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Object in the third person singular. 


I will wash him, her, or it. 

Thou wilt wash him, her, or it. 

He will wash himself. 

He will wash him (another). 

We two will wash him, her, or it. 
We two will wash each other. 

You two will wash him, her, or it. 
You two will wash each other. 
They two will wash him, her, or it. 
They two will wash each other. 

We will wash him, her, or it. 

We will wash each other. 

Ye will wash him, her, or it. 

Ye will wash each other. 

They will wash him, her, or it. 
They will wash each other. 


SINGULAR. 

ErmiyOma' sntikipOn ' ga. 
ErmiyOma ' lOk-pOl' li. 

ErmiyOma' lOk-pOn/ 

Ermiyama' lOk-pagQl ' li. 

DUAL. 

ErmiyOma ' lQktowQng ' na. 
ErmOkatow ' tila ' lOkpOn ' i. 
ErmiyOma ' lOkpOssig ' li. 
ErmOkatow ' tiialOkpOs ' si. % 
Ermigila ' lOrowig ' in. 

ErmOkatow ' tilOktOng'. 

PLURAL. 

ErmiyOma ' lOkowOg' li. 
ErmOkatow ' tikyOmalOk pOs ' see. 
ErmiyOma ' lOktOs ' sing. 
ErmOkatow ' tOyOma' lOktOn'. 
Ermila ' lOkowO.' 

ErmOkatow ' tila' lOktOn'. 


Object in the firsl person dual. 


Thou wilt wash us two. 

He, she, or it, will wash us two. 

We two will wash ourselves. 
You two will wash us two. 

They two will wash us two. 


SINGULAR. 

ErmigiyOla' lOkpug' li. 
ErmiyOma ' lOkpOg ' li. 

DUAL. 

Ermila ' 10k pOg' tow. 
ErmingyOma ' ri-wO ' wO. 
Ermigila' lOwig ' OnO. 

PLURAL. 

ErmiyOma ' lOk-tOhwOm ' mi. 
Ermila ' lOkmOng' a. 


Ye will wash us two. 

They will wash us two. 

Object in the second person dual. t 


I will wash you two. 

He will wash you two. 

We two will wash you two. 
You two will wash yourselves. 
They two will wash you two. 

We will wash you two. 

They will wash you two. 


SINGULAR. 

ErmiyOma ' imeeOt ' ching. 
ErmiyOma ' 10k pOs' sing. 

DUAL. 

ErmiyOma ' lOriwis ' seeng\ 
ErmiyOma' lOkpOs ' seeng’. 
Ermigila ' lOrOtiktow/ 
PLURAL. 

Ermiyuma' lOk-pOtigig' li. 
ErmiyOma ' lOk-pOs ' sigli. 
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Object in the third person dual . 


I will wash those two. 

Thou wilt wash those two. 

He will wash those two. 

We two will wash those two. 
You two will wash those two. 
They two will wash those two. 

We will wash those two. 

Ye will wash those two. 

They will wash those two. 


SINGULAR. 

ErmiyOma ' reewis 9 seeng’. 
ErmiyOmalo ' rawis ' seeng’. 
ErmiyOma' 10k pO'wO. 

DUAL. 

ErmiyOma ' ldktowdng-Ok ' wOng. 
ErmigyOma ' 10k pOs ' sing. 
ErmigirOngia ' lOktik ' tow. 

PLURAL. 

ErmiyOma ' lOkowOl ' li. 
ErmiyOma ' lOktOk ' Otow. 
Ermigila 9 lO-mOt ' ting. 


Object in the first person plural . 


Thou wilt wash us. 

He will wash us. 

You two will wash us. 
They two will wash us. 

We will wash ourselves. 
Ye will wash us. 

They will wash us. 


SINGULAR. 

ErmiyOla 9 lOkpdssil ' li. 
ErmiyOma' lOkpOssil ' li. 

DUAL. 

ErmigyOma' lOkpdtsil ' li. 
Ermigla ' lOmi-Ot ' iking. 

PLURAL. 

ErmiyOma ' lOk-pOwOd ' li. 
ErmiyOma ' luk-pOtsee'. 
Ermigila ' lO-mOt ' ta. 


Object in the second person plural . 


I will wash you. 

He will wash you. 

We two will wash you. 
They two will wash you. 

We will wash you. 

Ye will wash yourselves. 
They will wash you. 


SINGULAR. 

Ermiyuma-imeeOt ' chee. 
ErmiyOma ' lOk-pOssillich ' i. 

DUAL. 

ErmiyOma' lOriwis ' see. 
Ermigila' lOrOtikO'. 

PLURAL. 

ErmiyOma ' lOriwO ' wOt. 
ErmiyOma ' lOk-pOt' ingy'. 
ErmiyOma ' lOk-paang' a. 


Object in the third person plural. 


I will wash them. 
Thou wilt wash them. 
He will wash them. 


SINGULAR. 

Ermila' 10k pOng' a. 
ErmiyOla 'luk pigeen’. 
ErmiyOma ' lOk-pOkOl ' li. 
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We two will wash them. 

You two will wash them. 

They two will wash them. 
They two will wash themselves. 

We will wash them. 

Ye will wash them. 

They will wash them. 

They will wash themselves. 


DUAL. 

Ermiyuma ' ltik-towung-uk 7 wa . 
Ermigyuma ' lttk-ptts ' si. 
Ermiguma ' lartitiktow 7 . 
Ermigila ' lO-rdm ' ming. 

PLURAL. 

Ermiyiima ' lOriwis ' see. 
Ermiyftma ' ltiktOk ' a. 
Ermiyuma ' limit ' ta. 
Ermiyiima f lAkak f tun. 


The remaining forms, or the majority of them, including ex- 
amples of, and in many cases the whole of each mood, tense, etc., 
in its several forms, are in course of preparation. 


C. PRACTICAL SCIENCE. 

I. MECHANICS. 

1. On Proposed Improvements for Common Roads. By S. 

D. Tillman, of Jersey City, New Jersey. 

If durability be the most essential quality in a good road, the 
ancient Romans excelled in the art of road-making. Of the 
twelve famous highways leading into their capital, vestiges of 
which are still to be seen, the Appian Way was the oldest. Origi- 
nally its length was one hundred and forty-two miles ; at a later 
period, it was extended to three hundred and eighty. It con- 
sisted of large blocks of smooth stone, accurately fitted together for 
the use of carriages, and a foot pavement on each side two feet 
wide. A part of the Tiburtine road, near Tivoli, still remains un- 
disturbed, having been in use more than two thousand years. 
One of the most remarkable roads of which we have any account 
was that leading from Quito to Cuzco, built by the ancient Incas 
of Peru, nine hundred miles long, and seventy-five feet wide. Ac- 
cording to Prescott, the historian, “ it was conducted over path- 
less sierras covered with snow; galleries were cut for leagues 
through living rock; rivers were crossed by means of bridges 
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suspended in the air; precipices were scaled by stairways hewn 
out of the natural bed ; and ravines of hideous depth were filled 
up with solid masonry.” 

However much we may admire the massiveness and permanency 
of ancient roads, when estimated by the modem standard of 
utility, such structures are found not to meet the requirements of 
this practical age. Modem engineering has demonstrated that 
speed, certainty, and safety are the three great requisites of inter- 
communication. An absolute and complete change in the means 
of travelling has been wrought by the introduction of the railway 
and the locomotive. One has given us a perfectly smooth and 
solid pathway of easy grade, its great economy being in its reduc- 
tion to such narrow width as to sustain only two wheels, which are 
kept securely thereon by means of flanges ; the other has provided 
a moving power ever ready and reliable, untiring in its energies 
and matchless in its speed. The change thus wrought in our own 
country, where the railway system is far more extensive than in 
any other, was more marked, because the ordinary roads had not 
been much improved, and were in a condition similar to those of 
England a hundred years before. The once famous turnpike ex- 
tending from Albany to Buffalo, over one hundred feet in width, 
had been covered throughout its middle section, more than once, 
with broken stone, which, by the action of rain and frost, disap- 
peared beneath the rich soil. Only forty years have elapsed since 
numerous stage coaches were running over this turnpike, making, 
during summer and winter, an average speed of eight or ten miles 
an hour, while in the spring and fall it did not equal that of the 
passenger boats on the Erie canal. 

Previous to the introduction of the railway, numerous experi- 
ments were made for the purpose of improving the common high- 
ways, and more especially the pavements of cities and large towns. 
Of stone pavements, the cheapest and most objectionable is the 
cobble-stone ; superior to this is the Belgian pavement, which con- 
sists of rough stone cubes, imbedded in sand. The most durable 
and costly, yet, in the end, cheapest stone pavement consists 
of stone blocks, about three inches thick and twelve inches square, 
set on end, with their broadest faces in contact and resting on a 
bed of concrete, like that now on Broadway, in the city of New 
York. Professor Mahan, in his essay on “Road-Making,” states 
that asphaltic pavements — consisting of bitumen and sand — and 
wooden pavements have been extensively used in Europe, but 
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seem not to have answered the desired purpose. The most popu- 
lar pavement in this country at present is made of wooden blocks, 
resting on a wooden foundation covered with bitumen, and separ- 
ated from each other above by means of a thin partition of bitu- 
men and gravel. The ease with which the horse travels on this 
pavement, and the almost entire absence of noise, are strong 
points in its favor. The question as to its durability on much- 
travelled thoroughfares has not yet been definitely settled. Roads 
made on the plans of Macadam and Telford are not used in the 
business streets of American cities, on account of the fine grit and 
dust resulting from the action of horseshoes and wheel-tires. It 
is needless to say, none of the plans alluded to frilfil all the condi- 
tions of a perfect pavement ; since none of them embrace the 
admirable peculiarity of the railway, in providing for the wheel a 
perfectly smooth pathway. Obviously, the smooth, solid surface, 
on which great speed is attained by means of the locomotive, 
would on the common highway result in somewhat increased 
speed, with a great decrease in the power required to produce that 
speed ; in other words, all loads could be transported more rapidly 
by employing not over one-third the number of horses now used 
to do the same work, and with far less wear and tear. To illus- 
trate this point, let us take the most perfect pavement, — that 
already alluded to on Broadway, — where a pair of homes attached 
to an omnibus draw less than one-fourth the load drawn by a pair 
of horses attached to a street-railway car. Each of the wheels of 
an omnibus, in passing from one stone, falls slightly, and rises as 
much by sudden contact with another ; thus a series of concus- 
sions are made by each wheel, which jerk the horses, jolt the pas- 
sengers, and jar the vehicle. The number of noisy concussions 
thus made by an omnibus, in passing over one mile on the Broad- 
way pavement, is about 63,000, and in one day’s travel, of thirty 
miles, is 1,890,000. 

It may be asserted with truth that the concussions are not so 
great on wooden pavements, as is proved by the absence of noise. 
This result is owing to the fact that wood is more elastic than 
stone, and gives slightly under pressure; yet, in this fact, lies the 
proof that a loaded wagon can be drawn with less effort over a 
good stone pavement than over one of wood ; which will be appar- 
ent, if we reflect that the wheel, by its great pressure on the 
wood, is constantly sinking slightly below the general surface, and 
thus constantly forming an impediment before it which must be 
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overcome. When the wood is wet the sinking of the wheel i 8 
perceptibly increased. According to the experiments made by Sir 
John Macneill, to determine the force of traction for one ton on 
level roads, it was found that on a gravel road the force is one 
hundred and forty-seven pounds ; on a broken stone surface, laid 
on an old flint road, sixty-five pounds ; on a broken stone road, 
covering a rough stone pavement bottom, forty-six pounds ; on a 
good stone pavement thirty-three pounds. To this it may be added, 
that the force on a railway is eight pounds ; in other words, that 
one horse will draw on a railway more than four can on a good 
stone pavement. Nicholas Wood, in his treatise on railways, esti- 
mates the force of traction for one ton on a smooth turnpike road 
at seventy-three pounds, and on railways at eight and one-half 
pounds ; that is to say, two horses will draw more on a railway 
than seventeen horses can on an English turnpike. 

The important problem now presented, is to construct city pave- 
ments so as to embrace the essential features of the railway. Its 
successful solution depends on the following conditions : — 

1st. To form a solid and virtually smooth surface of an unyield- 
ing material, on which the carriage wheels may roll. 

2d. To provide a foothold for horses in passing over such sur- 
face. 

If the material used for this purpose is stone, in small blocks, 
we find by experience that, when laid with the utmost care, there 
is always a space left between these blocks, over which the wheel 
must roll ; and in passing from a stone the wheel strikes the next 
with a blow proportionate to the load it sustains, the effect of 
which is to wear off the edge of the stone ; and the wheel passing 
in an opposite direction wears off the opposite edge, so that the 
space between the stones is gradually widened, thereby increasing 
the force of the blow by the wheel ; and thus such stones, in time, 
become rounded on two sides, and in that form are hardly more 
efficient than cobble-stones. 

If the material employed were iron, it might be cast in hollow 
blocks so as to be interlocked, and its face could be provided with 
a series of smooth, raised surfaces, alternating with depressions or 
indentations ; and the raised surfaces could be so arranged that the 
wheel would be constantly sustained on a true grade by rolling 
over one raised surface, which should touch the middle of the tire, 
or rolling over two raised surfaces which, either simultaneously or 
alternately, would give a bearing to the wheel-tire near its sides. 
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The transverse depressions thus formed allow the toe-cork, or fore 
part of a horseshoe, to sink below the raised or grade surface, and 
by means of such surfaces the horse would find a sufficient bearing 
against which to exert the leverage of his foot. 

Cast-iron blocks thus made might cover the whole surface of a 
street ; but as the cost of such a pavement would be a serious ob- 
stacle to its general adoption and' use, the more feasible plan is to 
provide an iron pathway or tramway for each wheel of the vehicle, 
and fill in the spaces between such iron pathways with either 
stone, wood, or asphaltic composition, thus providing a pathway 
for the horse. A pair of iron paths, each about one foot wide, 
and placed four feet and a third apart, would provide a tramway 
suitable for vehicles of various widths, embracing the pleasure car- 
riage, cart, lumber-wagon and omnibus, and a pathway for a pair 
of horses between such tracks. The tramway could be made of 
hollow cast-iron blocks, each about a foot long, with a projection 
on one end and a recess on the other, so that when brought 
together and interlocked, the pressure on the edge of one block 
would be transferred to the centre of the next. Such blocks 
could be laid directly on pure sand, or be filled in from beneath 
with wood, and laid on a perfectly solid and smooth foundation. 
The tramway could also be constructed of longer wrought-iron or 
cast-iron plates, having longitudinal ribs or webs underneath to 
strengthen them ; each resting securely, by means of spikes, on 
one-half of the top of a wooden post set in the ground, and reach- 
ing below the action of frost. This plan would give a permanent 
pathway for the wheel, independent of that for the horse ; and 
also would be unaffected by any changes which the surrounding 
earth might undergo by the action of water or frost. The face of 
such tramway could be composed of alternating smooth elevations 
and depressions, of a series of narrow ribs running longitudinally, 
or of a smooth surface, having on it one or more lines of elevations 
and depressions, so arranged as to provide a foothold for horses, 
and, when placed on the edges of the tramway, to allow wheels to 
pass obliquely over it without sliding. 

A single pair of iron wheel-paths of this description, placed in 
the middle of a street not much used, would accommodate all car- 
riages which, in this case, would have to turn off from the track 
in passing each other. In a more busy street two pair of tram- 
ways would accommodate carriages going in opposite directions. 
In still more crowded streets four pair of tramways could be laid 
A. a. a. s. VOL. xix. 45 
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down, — two for loaded teams moving slowly in opposite direc- 
tions, and two for carriages moving more rapidly in opposite direc- 
tions, and on great central thoroughfares, like Broadway in the 
city of New York, my plan is to lay down longitudinal iron paths, 
from six to nine inches in width, alternating with stone, wood, or 
asphaltic footway for a single horse about two feet in width, so as 
to fill up the whole width of the street with alternate wheel-ways 
and horse-ways. It need hardly be added that such tramways 
would make the use of the steam carriage practicable. 

Such, briefly stated, are the main features of the iron tramway 
system, which, if introduced on common roads, would add to the 
comforts of the pleasure carriage, save the wear of vehicles, make 
every horse four times more efficient, and, in fine, work a revolu- 
tion as radical and beneficial as that which followed the introduc- 
tion of the railway. 


2. On Improvements in Inland Navigation. By Samuel D. 

Tillman, of Jersey City, N. J. 

The canals and navigable rivers in the territory of the United 
States form a network of transit, unrivalled in extent and im- 
portance. In the State of New York alone, the artificial water 
channels of communication have a total length of nearly one 
thousand miles, of which eight hundred and ninety-three miles be- 
long to the State. The connection with rivers and small lakes 
makes the whole distance now navigated by New York canal boats 
about 1,350 miles. On the twenty canals owned by the State are 
565 stone locks, which, if placed in a continuous line, would ex- 
tend nearly seventeen miles ; and the bridges over these canals, if 
placed end to end, would form a line of equal length. The Erie 
canal, seventy feet wide and seven feet deep, is carried over seve- 
ral rivers and large streams on stone aqueducts of unequalled mag- 
nitude. Some idea may be formed of the business done on the 
New York canals by the following official statements : — 

From 1859 to 1866, inclusive, 12,850 canal boats were built and 
registered, having a carrying capacity of 1,291,497 tons. During 
these years the aggregate movement on all the canals amounted to 
39,433,625 tons. For twenty years preceding 1867 the tolls col- 
lected amounted to $65,815,411 ; the yearly average being $3,090,- 
770. After deducting the cost of maintenance, the average annual 
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surplus revenue from the canals was found to exceed $2,319,500. 
From 1854 to 1865, inclusive, the average freight paid for moving 
one ton one mile on the canals, was nine mills and one-tenth of a 
mill, while the average freight paid during the same time for mov- 
ing one ton one mile on the New York Central and Erie Railroads, 
was 2^^ cents, showing that during those years the cost of 
transportation on railways was nearly three times greater than that 
on our canals. Boats carrying 210 tons burden are now used on 
the Erie canal ; the enlarged locks being eighteen feet wide and 
two hundred and ten feet long between the quoins. The boats 
are mostly moved by animal power, at a cost of thirty-eight cents 
each per mile, except on the rivers and lakes, where they are taken 
in tow by steamboats. The average speed of canal boats of the 
largest class moved by horses does not exceed two miles an hour, 
and as only three horses can be employed with advantage to each 
boat, it follows that any further increase on the size of canal boats 
would involve a corresponding decrease in speed when moved by 
animal power. According to the able report for 1868 by the Hon. 
Van R. Richmond, New York State Engineer and Surveyor, the 
resistance to be overcome in moving a loaded canal boat at a speed 
of two miles per hour, calculated from Dubuat’s formula, as modi- 
fied by D’Aubisson, is 428 pounds. The force required to develop 
the standard value of a horse-power at two miles per hour is 
187^ pounds; deducting one-sixth for oblique action, leaves the 
force exerted in the direction of the boat’s motion equal to 156J 
pounds. From experiments made in France in towing barges on 
the Languedoc canal, it was found that ordinary horses exerted 
an average effort of 143 J pounds for six consecutive days, at a 
speed of two miles per hour. Consequently an Erie canal boat, 
which partakes of the general build of the Languedoc barges, 
would require three horses to move it at the rate of two miles per 
hour. The resistance of a vessel varies as the square of its speed, 
and the power to move it varies as the cube of its speed. This law 
seems to have been overlooked by some of those who have at- 
tempted to move canal boats at comparatively high speed by 
means of steam power. They have recognized the truth of only 
a part of the proposition, namely, that the resistance varies as the 
square of the speed ; that is to say, if a boat requires eight horses 
to overcome the resistance at four miles an hour, to double its 
speed would require four times eight or thirty-two horses ; yet it 
is evident that this power must be applied while the boat is moving 
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double the distance first made, therefore the number thirty-two 
must be doubled, which gives sixty-four horses as the measure of 
power required to move the boat at the rate of eight miles per 
hour. This law, however, cannot be strictly true for all forms of 
vessels, and in navigating canals there are other conditions which 
modify the result, as, for instance, the wave of displacement, which 
rising high in shallow water would seriously impede a vessel, but 
were its form so improved as to allow the water to begin to close in 
when only one-third of her length had passed, and were its speed 
at the same time increased to a certain point, this wave of displace- 
ment would be brought into such relative position that it would no 
longer impede the vessel. However, the carrying capacity of a 
canal boat being paramount, its form must not be modified so as to 
favor increased speed ; thus with this class of vessels the law will 
still hold good, to double the velocity the propelling power must 
be increased eightfold. If a loaded canal boat is moved at the 
rate of two miles an hour with three horses, and at the rate of 
four miles an hour with twenty-four horses, the obvious deduction 
is that it is impracticable to move such boats by horse-haulage at 
the rate of three miles per hour, and quite as impracticable to 
move them by steam power at a speed greater than four miles an 
hour. 

The plan of moving several canal boats by one steam tug is ob- 
jectionable, because the whole moving power is concentrated at 
one place, and acts upon a very limited quantity of water. The 
same power divided into four equal amounts, and acting on four 
times the quantity of water would be more effective. Such boats 
are most liable to delays, and are utterly helpless when detached 
from the steam-tug. 

The successful navigation of canals seems to me to depend on 
the following conditions : — 

1. Each boat should be automatic, that is to say, self-propelling. 

2. The build of the boat should be such as to give it the great- 
est carrying capacity. 

3. To economize space and power, the boiler and engine should be 
small and capable of moving the boat, when loaded, at an average 
speed of three miles an hour. This rate is about double the present 
average speed of loaded boats. 

4. The propelling power should act directly against the water, 
and not against the bottom or sides of the canal. 

5. If we turn to nature for lessons in propelling, we observe 
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that the slow-moving fish of our fresh-water streams have broad 
tails bounded by a nearly vertical line ; while those remarkable for 
speed have v-shaped tails, the extremities of which are capable of 
very quick motion. Applying this principle to slow-moving boats 
we infer that a quick motion is not so essential as a large area of 
propelling surface. 

6. The width of the boat and its draft should only limit the 
extent of water against which the propelling surface should 
act. 

7. The boat should be made more obedient to the helm by en- 
larging the rudder surfaces, and arranging them so as to act on 
shallow water more efficiently than by the common method. These 
conditions would be fulfilled for the most part by building the 
boat with four sterns, and placing behind each a propeller ; or by 
giving the boat a scow-shaped stern, and arranging behind it four 
screw propellers, placed side by side and nearly as deep in the water 
as the bottom of the boat, from which would project iron bars for 
their protection. The locks being eighteen feet wide, the propel- 
ler blades could be nearly four feet six inches in diameter, and 
whether the boat were light or loaded these propellers would act 
on the water under the best possible conditions. Behind each of 
these propellers should be placed a balanced rudder, which, 
under these conditions, could be made one-fourth lighter than 
usual ; and the tiller of each should be connected by a movable 
joint with one bar extending nearly across the boat, behind which 
the steersman could guide the boat by only exerting strength suf- 
ficient to overcome the friction of the apparatus. 

A boat embracing the improvements here suggested has not yet 
been constructed; but from careful estimates based on reliable 
data, I feel warranted in saying that such a boat, when loaded, 
could be moved at a speed of three miles an hour, with an expen- 
diture not exceeding that now incurred in towing a similarly 
loaded boat at the rate of two miles an hour by means of horses. 
The saving thus effected would be between one and two million 
dollars per annum, on the present business of the canal. A large 
portion of the carrying trade has been diverted from canals, solely 
on account of the time consumed in transportation ; we may 
reasonably infer that an acceleration of speed of about fifty per 
cent would greatly increase the amount of goods transported by 
these cheap modes of conveyance, and thus correspondingly in- 
crease the revenue which the State derives from its canals. 
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THE TROY MEETING, 187 0. 


HISTORY OF THE MEETING. 

The Nineteenth Meeting of the American Association for the 
Advancement of Science was held at Troy, N. Y., commencing on 
Wednesday, August 17, and continuing to Wednesday afternoon, 
August 24. 

One hundred and eighty-eight names are registered in the book 
by members who attended this meeting. One hundred and seventy 
new members were chosen, of whom one hundred and eleven have 
already signified their acceptance by paying the annual assessment, 
and, when practicable, signing the constitution. One hundred and 
forty-four papers were presented, many of which were read, and 
some of them discussed at length. 

The general sessions of the Association were held in the Court 
House. The Sections were amply accommodated, partly in the 
Court House, and partly in the spacious halls of the Willard Fe- 
male Seminary. 

At about 10 o’clock, a.m., on Wednesday, the members were 
called to order by Col. J. W. Foster, the retiring president, who 
announced that owing to the illness of Prof. William Chauvenet, 
President, Dr. T. Sterry Hunt, Vice-President, would preside over 
the deliberations of the Convention. Mr. F. W. Putnam, of Sa- 
lem, was nominated as General Secretary of the meeting, and 
unanimously elected. The Divine blessing was then invoked by 
Chancellor Ferris of the University of New York. 

The Association was then introduced to His Honor Uri Gilbert, 
Mayor of the city, by Hon. John A. Griswold, Chairman of the 
Local Committee, in the following address : — 
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Mr. President, Gentlemen, Members of the American As- 
sociation for the Advancement of Science: — 

It is my special privilege and pleasure to greet you on this occa- 
sion, and to offer you the first salutation of welcome to our city. 
I do not know whether our Mayor will succeed in calling your 
attention to any special objects of interest here; and yet I indulge 
the hope that your visit will not be without some pleasure, as I 
know it will not be without profit. At all events our rivers and 
our railroads furnished you means of easy access to come among 
us, and I shall indulge the hope that it will be no special source of 
congratulation to you that they may furnish equally easy facilities 
for going away from us. 

We are eminently a busy people. There are few of the resi- 
dents of Troy who are not willing to bear their portion of the 
burthens of the day, but considering your presence here, there are, 
I regret to say, too many 'who, while willing to bear the burthens, 
are unwilling to bear the heat of the day. I£ then, you meet 
with a somewhat restricted hospitality it is because so many of our 
citizens are held at the watering-places and in the shades of the 
country, whose residences, otherwise, would be thrown open to a 
most hospitable welcome to you. No doubt we are exposed to be 
judged wrong under the circumstances, and yet, as one of its citi- 
zens, I beg you to consider the time and the season. We have 
citizens of Troy even in greater number than you may meet, and 
if you chance to fall upon the congregation of one of our churches 
of a Sunday, and find it fewer than you had a right to expect, do 
not suppose that our habits of church-going are in accordance 
with the representation there. 

So, because our school-houses are closed, I beg of you not to in- 
fer that we are insensible to the cause of education. We point 
with some little pride to both school-houses and churches, and I 
have no doubt the Mayor will call your attention to some of our 
leading institutions — our Rensselaer Institute, to the presence of 
whose professors among you I suppose we are more indebted than 
to any other one cause for your meeting in this city. That insti- 
tution we point to as the pioneer in this country of its kind. For 
fifty years it has been sending out its students of practical science, 
and to-day from all over the civilized world, from every depart- 
ment of life, and from every stage of society, its graduates reflect 
back credit and honor upon the institution. 
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So, too, gentlemen, of our Troy Female Seminary, upon the op- 
posite side of the road from where we are now sitting. That is 
foremost among the institutions of its kind in the country. It, 
too, bears the hallowed sanctity of time, howbeit its founder and 
architect has, within the present year, been carried to her final 
resting place in the shades of our Oakwood. Mrs. Emma Willard 
went down from among the representative women of the world 
full of years, and with the blessings and benedictions of those who 
knew her long, her able, and her beneficent devotion' to the cause 
of a true woman’s education. 

Our workshops and our factories will of course greet you every- 
where. Here you may find being absorbed the minerals of the 
earth in such huge proportions as to suggest mechanical indiges- 
tion, or possibly, what is still worse, the exhaustion of the raw ma- 
terial. And here, too, you will find that science stands side by 
side with labor ; from her halls of education the student of science 
is transferred to the workshop and factory and the forge, we hav- 
ing recognized the fact that for the greatest progress and the high- 
est development of labor science must be its light and guide. 

Need you be told, then, that we shall watch your deliberations 
with interest and with hope ? For we look upon you as toilers in 
a field the harvest of which is altogether indispensable to the day 
and the age. What science has done in the past we can all con- 
template. The fruits of its great victory lie spread around every- 
where. We see how by its application to the lands the earth is 
made to increase its fruits and give forth more abundantly to the 
sustenance of man. It guides the hand of sturdy labor to level 
the mountain and fill up the valley, and place within the grasp of 
its iron link a continent bounded by oceans. It discloses and 
utilizes earth’s hidden wealth ; maps out the heavens, and reveals 
the secrets of other worlds. Its fiery breath drives to and fro 
across the seas stately ships laden with humanity, — freighted with 
the fruits of liberty, progress, and civilization, — while it converts 
the dark and forever hidden recesses of the ocean into a highway 
over which travels the electric messenger, announcing to the world 
the conflict of Empires and the tottering of thrones, or whispering 
in the eager ear words of tender remembrance, hope, and assur- 
ance. 

Science does all these things; it gathers the sunbeams and 
weaves them into pictures of life and beauty; when tyranny 
covets conquest science is called upon to devise implements of 
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power, and when liberty is invaded, or threatened, we turn to the 
arm of science as our protection and defence. 

While, gentlemen, you will continue to thrust upon an aston- 
ished world the dazzling achievements of your labors, it is to the 
utilization of science, if I may be permitted the expression, that I 
look for the greatest good — its application to the practical. Con- 
stantly science is becoming more and more interwoven with labor, 
and recognized as more and more indispensable to the guidance of 
the strong arm and the skilful hand. 

It may be, gentlemen, that some of you may, at times, feel that 
the paths you have chosen are not the shortest and the most direct 
to worldly wealth and power, but remember that performing your 
duties faithfully you will have the consolation of believing that 
the world, after you shall have left it, will be better for your hav- 
ing lived in it. 

We bid you Godspeed in your career, and would fain offer you 
words of encouragement and hope. And now let me discharge 
the agreeable duty devolving upon me, perhaps too long deferred, 
and introduce you, gentlemen of the American Association for the 
Advancement of Science, to the citizens of Troy through our 
esteemed and justly honored Mayor. Into his hands I therefore 
place your interests and your presence during your visit. 

Mayor Gilbert then welcomed the Association in these words : — 

Mr. President and Gentlemen of the Association for the 
Advancement of Science : — 

Coming among us, as you do, from every part of the country — 
men of education, men of culture and of science, men who mould 
and shape the thoughts of their fellow men, men whose deep re- 
search into the hidden things of nature brings light out of dark- 
ness and order out of chaos, — we hail your coming with pride 
and with pleasure. And on this occasion it becomes my agreeable 
duty, in behalf of ray fellow citizens, to present to you their most 
cordial and hearty welcome, and to express the hope that your 
meeting here may do much to promote the objects of your Asso- 
ciation. 

Although a small city, and few in numbers compared with many 
cities where you have assembled, we are not without the hope that 
beside the social intercourse and the pleasant reunion of men in 
the same pursuits, all having the same great object — the advance- 
ment of science — you may find among us much to interest and to 
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aid in the furtherance of these pursuits, and to render your stay 
with us both profitable and pleasurable. 

In accordance with enactments of the State Legislature, our 
children are well provided with the advantages of common schools 
from the primary departments through the several gradations to 
the High School, in which the pupils are prepared for a collegiate 
course or the more active business of life. The Troy Female 
Seminary, not unknown throughout the United States, was estab- 
lished in Troy almost contemporaneously with its existence as a 
city. In this (the Willard Seminary) thousands of young ladies 
have received an education in the higher branches of science, and 
graduated with much honor to themselves as well as to this noble 
institution, and have gone forth, many of them, to establish other 
schools, and to impart to others in all parts of the country the in- 
struction here received. Our Polytechnic School I scarcely need 
mention, as most of you, gentlemen, are familiar with its character, 
its objects, and the influence it has long' exerted and is still exert- 
ing in the scientific world. The pioneer of its kind in this 
country, it has thus far without endowment held its position in 
the front rank of the scientific and practical schools in the United 
States. Many of you have doubtless availed yourselves of its 
advantages, and are in your professional life practical illustrations 
of the superior benefits conferred in its full course of study. Its 
session having just closed, its students are for the time absent, but 
its doors will be open to all, and all will be welcome to its halls, 
its laboratory, its cabinet, and whatever there may be of interest 
to the professor or student in the practical sciences. 

Men of science will be pleased to visit our iron and steel works, 
— works first in importance in our city, first in importance of 
their kind in the State, and holding only a secondary position of 
magnitude of their kind in the Union. At the former you may 
watch the progress from the crude ore to the refined bar, and by 
the aid of ingenious and complex machinery to the complete and 
finished horseshoe, the railroad spike and chair, as well as to the many 
other productions pertaining to this extended branch of business. 

At the Bessemer Steel Works you will also behold the rough 
pig of iron suddenly transformed to the ingot of steel, and thence 
to the finished rail, which is hereafter to form the main dependence 
for safety and permanence in the construction of our railways. 
In visiting these works I am sure you will be welcomed, and re- 
ceive the polite attention of the proprietors and agents. 

A. A. A. S. YOL. XIX. 47 
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I will mention one other manufacturing establishment which I 
know in the minds of many is intimately associated with the name 
of Troy, — that of Messrs. Gurleys, makers of civil engineers’ and 
surveyors’ instruments, a business closely identified with the 
scientific progress and material development of our country. 
This establishment, founded in 1848, for many years the largest of 
its kind in the Union, has acquired a national reputation. The 
members of the Association interested in this department of 
science will find instruction and pleasure in a visit to these 
works. 

There are many other manufacturing establishments of note in 
our city. In fact, we are a manufacturing community; and for the 
continuance of these and their further development we rely much 
for the prosperity of Troy. At the head of tide-water, and the 
outlet of the Erie and Champlain canals, our commerce is an im- 
portant element in our growth and success. And not the least of 
the advantages of our position is the concentration of railroads in 
our city, connecting us directly with all the railroad interests, 
North and West, as well as in the middle and Southern portions 
of the State. 

Again I say to you, gentlemen, we are pleased to receive you, 
and repeat to you our cordial welcome. 

President T. Sterry Hunt responded, and in the name of the 
American Association for the Advancement of Science he begged 
to return the cordial thanks of the members for the invitation to 
come here, and for the cordial reception they had received from the 
citizens of Troy. He then recounted briefly the history of the 
Association. It was organized in 1840, and was first devoted to 
the advancement of the study of geology and natural history. In 
1848 it was recast upon a broader basis, the mathematical and 
physical sciences were comprehended in its objects, and its present 
name given to it. During the four years of the rebellion its ses- 
sions were interrupted. In 1866 it was re-organized at Buffalo, and 
a yearly meeting was resolved upon in place of the semi-annual 
sessions formerly held. When we look back upon the past we 
regret that so many of the fathers of the Association are not with 
us to-day. Silliman, Hare, two of the brothers Rogers, Bache, 
Hitchcock, and Emmons are no more. Sickness holds others in 
its bonds. Professors Dana, W. B. Rogers, and Agassiz are unable 
to be with us on account of delicate health, but there are young 
men here to-day who will doubtless represent, not without honor, 
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the sciences to which the latter has devoted his life. Professor 
Joseph Henry is in Europe, where he is receiving a warm welcome 
from the scientists of Berlin, Vienna, and other capitals. 

It must be clearly understood that the Association is not a close 
society, designed only for the select few. It is highly democratic, 
it wishes to enroll all who take an interest in science, and assures 
them of a kindly welcome. We hope to add to our numbers 
largely from the students and amateurs of science in Troy. This 
is the fourth place where we have met in New York State — New 
York City, Albany, Buffalo, and to-day Troy — and it is proper 
the great Empire State should thus be considered by the represen- 
tatives of American science. It was among the first of the States 
of our Union to organize a complete system of geological and 
natural history surveys of its territory, and it is, therefore, classic 
ground for the student of these sciences. To Troy we look with 
interest for the success of our meeting on account of the Rensse- 
laer Polytechnic School, the pioneer scientific school in America, 
which, having seen half a century of prosperity, is now more 
active than ever, with its corps of young, able, and enthusiastic 
professors. This institution was founded by one who was the 
father of American geology, Professor Amos Eaton. I see two 
of its most distinguished graduates here to-day, Professor James 
Hall and Mr. E. N. Horsford. To the chemist and metallurgist 
the extensive iron works here offer a field for investigation such as 
few other places present. Here applications of science are em- 
ployed in the conversion of the ore, until the manufacture of iron 
is no longer one of crude empiricism. We have here, also, the Bes- 
semer Steel Works, in which may be seen processes that present 
great attractions to the chemist and physicist. Their importance is 
not limited to the production of steel, but, when studied by the aid 
of the spectroscope, Mr. Griswold’s converters throw new light upon 
the chemical and physical constitution of the sun and the farthest 
nebulae. I mention these things to show that the American Asso- 
ciation for the Advancement of Science does not overlook the 
practical affairs of life. 

At the close of the President’s address the Association proceeded 
to business. Six additional members of the Standing Committee 
were elected by ballot, according to the requirement of Rule 4 of 
the Constitution. The names of those chosen are printed else- 
where with the names of the other members of that committee. 

Later in the session the Association voted to hold its next 
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meeting at Indianapolis, Indiana, beginning on Wednesday, Au- 
gust 16, 1871. The officers elected for the next meeting are : — 

Prof. Asa Gray, of Cambridge, President ; Prof. George F. 
Barker, of New Haven, Vice-President ; F. W. Putnam, Esq., of 
New Haven, General Secretary ; W. S. Vaux, Esq., of Philadel- 
phia, Treasurer . Prof. Joseph Lovertng, of Cambridge, was 
elected at Salem Permanent Secretary for another term of two 
years, commencing with the Troy Meeting. 

On Thursday evening, August 18, the address of Col. J. W. Fos- 
ter, the retiring President, was given in the First Presbyterian 
Church. General sessions were also held at other times, when 
papers of interest to all the members of the Association, as well 
as to the public, were read. 

On Friday afternoon, the members of the Association and their 
ladies, accompanied by many ladies and gentlemen of Troy, by in- 
vitation of the Albany Institute, took the steamer provided for 
them, near the foot of Broadway, and proceeded to Albany. 
There they visited the Dudley Astronomical Observatory, and en- 
joyed the hospitality of its trustees. Afterwards, they had an 
opportunity to examine the rich and various collections in the 
State Museum of Natural History. At half-past seven they as- 
sembled in the State Library, wffiere they were received by the 
officers and members of the Albany Institute, and other citizens of 
Albany. After an elegant entertainment and some informal ad- 
dresses they returned to Troy, by steamer, at 10 o’clock, under 
the bright light of an aurora. Monday w’as mostly devoted to an 
excursion, by special train, to Saratoga, where, after some hours 
spent in scientific explorations or social enjoyment, according to 
the individual tastes of the members, all dined together in Con- 
gress Hall. The Mayor and other prominent citizens of Troy, and 
their ladies, as also the members of the Local Committee and their 
families, contributed largely by their presence to the pleasures of 
an occasion for which the citizens of Troy had made such generous 
provision. 

On Thursday evening the members of the Association, and the 
ladies who accompanied them, were entertained at the residence 
of Mayor Gilbert ; and on Monday evening they were present at a 
reception given by J. M. Francis, Esq. Individually, many mem- 
bers in attendance on this meeting were the recipients of much 
kindness and hospitality from citizens and societies of Troy, for 
which they will always retain a grateful remembrance. 
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The proprietors of the Bessemer Steel Works, the Burden Iron 
Works, the Albany Iron Works, and the Rensselaer Iron Works 
opened their doors to the members of the Association, and gave 
them ample opportunity for witnessing all their interesting pro- 
cesses of manufacture. Gen. P. V. Wagner, commanding the 
United States Arsenal at Watervliet, the largest arsenal in the 
country, invited the members of the Association to visit the 
grounds and buildings of this establishment, and gave them his 
personal attention whenever it was practicable. Many other places 
of interest in the neighborhood of Troy were visited by detached 
parties, such as the Rensselaer Polytechnic Institute of Troy, and 
the Harmony Mills of Cohoes. The vicinity of these mills is 
interesting as including the beautiful falls of the Mohawk, and as 
having once entombed the remains of the great mastodon, now in 
the Museum at Albany. 


RESOLUTIONS ADOTTED. 

Resolved, That a committee of three be appointed to memorial- 
ize Congress on the importance of establishing an observatory, 
and maintaining a scientific corps, for a year or more, at one of 
the highest points on the Pacific Railroad, and particularly at the 
Eastern Rim of the Utah Basin. 

Resolved , To accept the invitation from San Francisco for the 
meeting of 1872, provided the necessary arrangements can be 
made ; and that a committee be chosen to arrange for such a 
meeting, and report at the next meeting in Indianapolis. 

Resolved , That the printed volume of Proceedings be sent, im- 
mediately on publication, free of postage, to each member who has 
paid the assessment of three dollars for the meeting to which the 
volume relates. 
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VOTES OF THANKS. 

Resolved, That the thanks of the Association be returned to 
the Mayor and Common Council of the city of Troy for their 
kind liberality in granting the use of the Court Room and adjoin- 
ing apartments for the sessions of the Association. 

Resolved, That the thanks of the Association be presented to 
the citizens of Troy for their liberality and courtesy in arranging 
the delightful excursion of Monday last to Saratoga Springs, and 
for the generous provision made for the entertainment, enjoyment, 
and comfort of the members on that occasion. 

Resolved, That the thanks of this Association be hereby pre- 
sented to the pastor, officers, and congregation of the First Pres- 
byterian Church of this city, for the generous use of their house 
of worship, in which our meeting was held to hear the address of 
our last President. 

Resolved, That the thanks of this Association are due to the 
managers of the Burden Iron Works and the Bessemer Steel 
Works, of this place, for their courtesy in permitting us fully to 
inspect the processes therein carried on, — processes among the 
most novel and interesting in the metallurgy of iron. 

Resolved, That this Association hereby expresses its thanks to 
Mr. John H. Willard, of the Troy Female Seminary, for the excel- 
lent accommodation he has afforded its sections in his commodious 
building ; and to him, as well as to Mrs. Willard, for the hospi- 
tality and courtesy which they have so uniformly extended to its 
members. 

Resolved, That the thanks of the Association be given to the 
members of the Troy Club for the use of their convenient and 
beautiful rooms, so liberally offered, and so richly enjoyed. 

Resolved, That the thanks of the Association are eminently due 
to the Trustees and Faculty of the Rensselaer Polytechnic Insti- 
tute for the efforts they have made in promoting the interest of 
the Association, and contributing to the pleasure and convenience 
of its members at this meeting ; and that their respectful thanks 
are likewise tendered to the Young Men’s Association for the use 
of their Reading Room and Library. 

Resolved, That the cordial thanks of this Association are due to 
the members of the Albany Institute for their kind reception and 
generous entertainment, and for the opportunity to visit the Dudley 
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Observatory, the State Museum, the State Library, and the private 
collections of Professor James Hall. 

Resolved, That the Association tenders its sincere thanks to the 
members of the Local Committee, and especially to the Chairman, 
Hon. John A. Griswold, and to the Secretaries, Messrs. H. B. Nason 
and Benjamin H. Hall, for the foresight and good judgment with 
which their arrangements for the present meeting were effected, 
and for their unremitting attentions and efficient services in behalf 
of the Association during the progress of the meeting. 

Resolved, That the thanks of this Association be given to the 
reporters of the press for their attention to our proceedings, and 
for the accurate account which they have given to the community. 

Resolved, That the thanks of the Association be voted to Presi- 
dent Hunt and to Secretary Putnam, for the able and gentlemanly 
manner in which they have conducted the business of the nine- 
teenth meeting. 

Resolved, That the thanks of the American Association for the 
Advancement of Science be returned to the following Railroad 
Companies, for their courteous and valuable contribution to the 
interests of the Association in the matter of free return tickets or 
reduced rates to its members : — 


Rensselaer and Saratoga. 

Boston and Albany. 

Boston and Providence. 

Richmond and Petersburg. 

Richmond, Fredericksburg, and Potomac. 
Cincinnati and Indianapolis Junction. 
Philadelphia and Reading. 

Louisville and Nashville, and Memphis 
and Louisville Railroad line. 

Great Western of Canada. 

New York and Oswego Midland. 


Nashville and Chattanooga, and Nash* 
ville and North Western. 

Louisville and Nashville. 

Fitchburg. 

Erie. 

Troy and Boston. 

Champlain Transportation Co. 
Wilmington, Columbia, and Augusta. 
New Bedford and Taunton. 

Utica and Black River. 

New Jersey Southern. 
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REPORT OF THE PERMANENT SECRETARY. 

The following report comprises the business which has been 
done for the Association during the interval between the first day 
of the Salem Meeting (August 18, 1869), and the first day of the 
Troy Meeting (August 17, 1870). 

An unusually large number of copies of the Chicago volume of 
Proceedings have been distributed to members. The list of 
Foreign Academies to which the Proceedings are sent is increased 
every year. The Salem volume was ready for distribution on the 
first day of the present month. The delay proceeds partly from 
the necessity of sending proof-sheets over the whole country, some 
of which may not find the authors at home ; and partly, from the 
neglect of authors to furnish a copy of their papers, at an early 
date, for publication. Many valuable papers are not sent at all, 
and some arrive too late even for the requirements of the slowly 
printed volume. 

The financial condition of the Association is as follows : — 

Between August 18, 1869, and August 17, 1870, the income of 
the Association was twenty-two hundred and seventy-eight dol- 
lars ($2,278). 

Of this amount seventy-five dollars and fifty cents ($75.50) ac- 
crued from the sale of the printed Proceedings, and the remainder 
from the admission fees and the annual assessments. 

The expenses of the Association, during the same interval, 
amounted to seventeen hundred and sixty-one dollars and seven 
cents ($1,761.07), which may be apportioned thus: — 

Cost of paper, printing, and binding for the volume of Salem 


Proceedings, and expense of its distribution $1,192.10 

Charges connected with the Salem Meeting 20.00 

Salary of the Permanent Secretary (five hundred dollars) . . 500.00 

For circulars, postage, stationer}', express, etc 48.97 


The particular items may be found in the cash account of the 
Secretary, which is herewith submitted as a part of his report. 
The balance in the Treasury of the Association, August 17, 1870, is 
seventeen hundred and forty-two dollars and two cents (1,742.02). 

Joseph Lovering, 

Trot, August 17, 1870, Permanent Secretary. 
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XasT op European Institutions to which Copies of Volume XVIII. of 
the Proceedings of the American Association were distributed 
by the Permanent Secretary in 1870. 

a S tockholm , — Kongliga Svenska Vetenskaps Akademien. 
Copenhagen, i — Kongel. danske Yidensk. Selskab. 

Moscow , — Soci6te Imperiale des Naturalistes. 

St. Petersburg, — Academie Imperiale des Sciences. 

„ „ Kais. Russ. Mineralogische Gesellschafl. 

„ „ Observatoire Physique Centrale de Russie.* 

Pulkowa, — Observatoire Imperiale. 

Amsterdam, — Acad6mie Royale des Sciences. 

„ Genootschap Natura Artis Magistra. 

„ Zoological Garden. 

Haarlem, — Hollandsche Maatschappij der Wettenschappen. 
Leyden, — Mus6e d’Histoire Naturelle. 

„ The University Library .t 

Utrecht, — Institut Royal M6t6orologique des Pays-Bas.f 
Altenburg, — Naturforschende Gesellschafl. 

Berlin, — K. P. Akademie der Wissenschaflen. 

„ Gesellschafl fftr Erdkunde. 

Bonn, — Naturhist. Yerein der Preussisch. Rheinlandes, &c. 
Breslau, — K. L. C. Akademie der Naturforsclier. 

Brilnn, — Naturforschenden Y ereins. 

Dresden, — K. L. C. Deutsche Akademie der Naturforscher. J 
Franckfurt, — Senckenbergische Naturforschende Gesellschafl. 
Freiburg, — Koniglich-Sachsische Bergakademie. 

Gottingen, — Konigl. Gesellschafl der Wissenschaflen. 

Hamburg, — Naturwissenschafllicher Yerein. § 

Hannover, — Die Naturhistorische Gesellschafl. 

K&nigsberg, — Konigliche-Physikalish Okonomischen Gesellschafl. 
Leipsic , — Koniglich-Sachsische Gesellschafl der Wissenschaflen. 
Munich, — K. B. Akademie der Wissenschaflen. 

Drag, — K. Bohm. Gesellschafl der Wissenschaflen. 

Stuttgart, — Yerein fUr Vaterlandische Naturkunde. 

Vienna, — K. Akademie der Wissenschaflen. 

„ K. K. Geographischen Gesellschafl. 

„ Geologischen Reichsanstalt. 

„ Osterreichische Gesellschafl fUr Meteorologie. 

* Also, Volumes vi., vii. and yiii. t Also, Volume xrii. 
t Also, Volumes xiii. and xiv. § Also, Volumes xii. and xiil. 
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Vienna, — K. K. Zoologisch-Botanische Gesellschaft. 

„ Yerein zur Verbreitung N aturwissensch. Kentnisse. 

Wilrttemburg, — Der Verein fUr Yaterlandische Nuturkunde. 
JBasd, — Naturforschende Gesellschaft. 

Bern , — Allgemeine Schweizerische Gesellschaft. 

„ Naturforschende Gesellschaft. 

Genbve, — Societ6 de Physique et d’Histoire Naturelle. 

Lausanne, — Soci^te Yaudoise des Sciences Naturelles.* 
Neuchatel, — Soci6t6 des Sciences Naturelles. 

Zurich, — Naturforschende Gesellschaft.* 

Bruxelles, — Acad6mie Royale des Sciences, <fcc. 

Liege, — Soci6t6 Royale des Sciences. 

Cherbourg, — Soci6t6 Acad6mique. 

Dijon, — Acad6mie des Sciences, &c. 

Lille, — Soci6te Nat. des Sciences, de 1’ Agriculture, et des Arts. 
Montpellier, — Academic des Sciences et Lettres. 

Paris, — Institut do France. 

„ Soci6te Philomatique. 

„ Society Meteorologique de France. 

Turin, — Accademia Reale delle Scienzie. 

Rome, — Osservatorio Astronomico del Collegio Romano.* 
Madrid, — Real Academia de Ciencias. 

Cambridge, — Cambridge Philosophical Society. 

Dublin, — Royal Irish Academy. 

Edinburgh, — Royal Society. 

Liverpool, — The Literary and Philosophical Society. 

London, — Board of Admiralty. 

„ East India Company. 

„ Museum of Practical Geology. 

„ Royal Society. 

„ Royal Astronomical Society. 

„ Royal Geographical Society. 

„ Royal Institution of Great Britain.* 

Manchester, — Literary and Philosophical Society. 
Newcastle-upon-Tyne, — The Tyneside Naturalist’s Field-Club. 

„ Nat. Hist. Soc. of Northumberland, Durham, <fcc.* 

Oxford, — Radcliffe Observatory.* 

Batavia, — Societe des Arts et des Sciences. 

* Also, Volume xvii. 
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President F. A.P. Barnard, from the Committee on Weights and 
Measures, made a verbal report, and requested that the committee 
be continued until the next meeting of the Association, and the 
recommendation was voted by the Association. 


Report on the Microscopes and Microscopical Apparatus exhibited 
at the Meeting of the American Association for the Advance- 
ment of Science, at Troy, N. Y., August, 1870. 

In accordance with the custom initiated at the Salem meeting 
last year, the local committee for the Troy meeting provided suita- 
ble rooms for the preservation and use of instruments sent or 
brought by members and others for the use of the sub-section, and 
notified members of the arrangement by a special notice appended 
to the second circular. 

An abundance of apparatus was furnished by members to illus- 
trate their discussions, and for the general work of the sub-section. 
First class stands, mostly binocular, and full sets of accessories 
were furnished by President F. A. P. Barnard, Dr. R. H. Ward, 
Mr. E. Bicknell, Prof. H. B. Nason, and others. Very low-power 
objectives, three to five inch, were deservedly popular. The use of 
immersion objectives for all high powers seemed to be assumed by 
all members as a settled question. Few members, on the other 
hand, fell into the present fashion of high-power objectives, — pre- 
ferring to use lenses of one-fifteenth or one-sixteenth inch, and 
downward, and gain greater amplification by other means than by 
reducing the nominal focus of the objective. The following novel- 
ties require particular mention : — 

President F. A. P. Barnard, of Columbia College, New York, 
demonstrated a newly contrived binocular microscope, a full 
description of which is published elsewhere, in which the light is 
separated into two pencils by double refraction, and which cannot 
fail to be a valuable addition to the resources of working micro- 
scopists. 

Dr. Josiah Curtis, of Boston, exhibited a micro-telescope, or mi- 
croscope and telescope combined, made to his order by Tolies. It 
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is an ordinary Cutter’s clinical microscope, fitted with an extra 
tube carrying an object-glass of one inch linear aperture and six 
inches focus, to which object-glass the compound microscope acts 
as an erecting eye-piece. Furnished with a proper support, this 
makes an admirable pocket telescope, defining well at powers of 
forty or fifty diameters. 

Dr. R. H. Ward, of Troy, N. Y., exhibited a variety of illumi- 
nating apparatus, in which a horizontal slit was substituted for the 
circular diaphragm openings ordinarily used. By this means an 
illuminating pencil is obtained, which is wdde horizontally and nar- 
row vertically to any extent that may be desired. The contrivance 
is specially designed for use with Wenham’s binocular, but may be 
used to advantage on other stereoscopic microscopes. It was 
shown as applied to microscopes without accessories, to the spotted 
lens used for transparent illumination of both fields under medium 
powers, to objectives used as illuminators, and to the elaborate 
achromatic condensers of Ross, Powell, and Leland, &c. But it 
was most readily applied to an eye-piece used as condenser, or to 
the Webster condenser and similar combinations. A horizontal 
slit of adjustable width was obtained by a pair of shutters, or by a 
wedge-shaped opening gradually passed under the condenser, the 
length of the slit being controlled by Collins’s graduating diaphragm, 
or by Brown’s iris diaphragm, or Zentmayer’s graduating dia- 
phragm. By these means transparent objects were shown in Wen- 
ham’s binocular instrument, under lenses of as high power as one- 
eight inch, and of angular aperture as high as 130°, with both 
fields fully, softly, and evenly lighted, and free from unpleasant 
glare of light or distortion of image. A one-fourth of 75° or a 
four-tenths of 120° can be as easily worked, stereoscopically, in this 
way, as a one-inch of 25°. Thus the stereoscopic microscope may 
be almost as readily used in the study of the tissues of animals 
and the coarser diatomes as in the general structure of plants, the 
organs of insects, or the larger protozoa. 

Dr. Ward also exhibited a variety of class-microscopes, both 
simple and compound, for the ready demonstration of structure to 
the class in teaching botany, zoology, <fcc. 

Mr. Tolies had mounted a two and one-half inch lens with the 
society screw on each side of the shoulder, so that it can either be 
screwed on in the usual position or reversed so as to give, by ap- 
proaching the eye-piece, about the pow r er of a four-inch lens at the 
usual distance. Microscopists have been accustomed to gain a 
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lower power than could be focussed by their rack by screwing a 
low objective into the draw-tube, and focussing upon the object 
through the empty nose-piece. The new plan of a reversible 
mounting is more convenient, and is applicable to instruments that 
have no draw-tube. Unfortunately, it cannot be used with the 
ordinary binoculars. 

Mr. Tolies has also arranged a four-inch objective, in which a 
short working focus is obtained by a reducing lens in the rear. 
This reducing lens, for convenience, is mounted in a sliding tube 
and gives, when pushed in, a fair three-inch power. As a four-inch 
the combination is extremely good. 

Mr. E. Bicknell, of the Museum of Comparative Zoology, Cam- 
bridge, Mass., applies this expedient to ordinary objectives, placing 
in the draw-tube, instead of the concave amplifier sometimes used, 
an achromatic convex lens as a reducer, with which an extremely 
low power can be obtained with good definition, flat field, and 
working focus not inconveniently long. A four and a half or five- 
inch lens (solar focus) may be used. A low objective of two 
combinations may be divided, using one part as an objective, %nd 
placing the other in the draw-tube. 

Dr. Ward had contrived a clinical compressor for use with the 
microscope of the same name. It is simple, and therefore inex- 
'pensive, and can be used with great facility, both for clinical and 
class * use, and for much of the ordinary work of the microscopist. 
It is not applicable to very fine work, nor to very high powers 
The two brass plates which hold the thin glass circles separate en- 
tirely for arranging the object or cleaning the glass. The upper 
plate fits into a notch filed in a ledge at the left of the lower, the 
centering of the two plates being secured by a pin through the 
lower, and a notch in the upper. The screw which attaches them 
at the right is permanently fastened in the upper plate by a groove 
and a pin. 

Dr. Maddox’s photographs of the Podura scale were exhibited 
by Dr. Barnard. In these photographs the traditional note of ex- 
clamation or goose-quill markings are marked with partial inter- 
ruptions or transverse lines, suggestive perhaps of the alleged 
beaded structure. 

In the same connection Dr. Barnard exhibited the opake illu- 
minator, suggested by himself for use with high powers. This is 
an internal Lie berk uhn situated, like Tolles’s prism, behind the 
front combination of the objective. It works exceedingly well with 
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medium powers, but cannot be introduced for want of room into 
very high powers. It gives more light than Tolles’s prism, and 
illuminates from any part or all parts of the circumference at will ; 
on the other hand it is less easily applied, requiring the front lens 
to be mounted in glass instead of brass, and it is inapplicable to 
large opake objects. It would seem to be most readily applied to 
single front combinations. 

Mr. Bicknell exhibited some brackish and fresh-water diatomes, 
recently thrown up by the sea at Marblehead, Mass. These are 
believed to be the first fresh-water or brackish deposits known to 
exist under the present ocean, and to indicate recent encroach- 
ments of the ocean upon the shore line in that vicinity. 

Nobert’s nineteen-band test-plate, and Dr. Woodward’s late pho- 
tographs of the same were exhibited by Dr. Ward. 

Mr. E. B. Benjamin, of New York, exhibited a microscope by 
Gundlach of Berlin. This was a small and cheap instrument, 
according to the English and American standard, but really 
admirable for its neatness of design and finish, and its general 
excellence of performance. 

Beck’s popular microscopes (binocular) were exhibited by Mr. 
C. E. Hanaman, of Troy, N. Y., and others. They have already 
earned their name in this country. 

Mr. Chas. Stodder, of the Boston Optical Works, exhibited* 
Cutter’s clinical microscopes and Tolles’s students’ microscopes, of 
various degrees of completeness and cost. These, when furnished 
with suitable lenses, are thoroughly good and useful instruments. 

Blankley’s neat and convenient tank microscope, made by 
Swift of London, was exhibited by Dr. Ward. 

The cheapest really useful instruments exhibited were Miller’s 
students’ microscope, exhibited by F. Miller, of Miller <fc Bros., 
New York (who also exhibited first class accessories and choice 
objects) ; and Crouch’s educational microscope, exhibited by Dr. 
Ward. These two instruments possess the rare advantage of a 
body of ample size, the latter one admitting the use of the same 
eye-pieces as the first class stands. 

R. H. Ward, 

Secretary of Subsection of Microscopy. 

Committee to report in relation to Uniform Standards in the 
Power of Objectives, Eye-Pieces, &c. : F. A. P. Barnard, E. Bick- 
nell, R. H. Ward, C. E. Pickering, O. N. Rood, Josiah Curtis. 
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